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MOTTLED FUNDUS IN ASSOCIATION WITH 
PSEUDOXANTHOMA ELASTICUM 


Koichi SHIMIZU 
Department of Ophthalmology, School of Medicine, University of Tokyo 
Hongo, Tokyo 


The syndrome of Grénblad-Strandberg is now universally admitted to be the 
expression of degenerative tendency of the systemic elastic tissue. It has become the 
object of renewed interest since the discovery of associated disorders of the vascular 
system and of hemorrhagic tendencies, and it is now proposed, that a new syndrome, 
named PXE, should be conceived which includes both the classic G.-S. syndrome and 
the like systemic manifestations". 

The presence of angioid streaks has been hitherto regarded as essential in the 
diagnosis of Griénblad-Strandberg’s syndrome. Other fundus disorders, such as retinal 
hemorrhages, disciform macular degenerations and pigmentary disturbances have been 
regarded as secondary and late manifestations in this syndrome. Sporadic reports of 
“streakless ’’ angioid streaks have existed, but have not attracted much attention. 

The author has been able to observe, at the Eye Clinic of the University of Tokyo, 
a number of patients who presented a peculiar kind of spotted fundus in association 
with pseudoxanthoma elasticum of the skin. A further study of literature has enabled 
the author to regard this spotted fundus as a characteristic feature of this syndrome, 
which sometimes may, and sometimes may not, be accompanied by angioid streaks. 
The author expects that a number of hitherto known associated fundus conditions 
may thus be given a unified interpretation. 

A brief review of Japanese literature on angioid streaks is attempted, with a view 
to clarify the possible racial characteristics in the symptomatology of the disease. 


Case Report 

Case 1. S.T., unmarried Japanese female, aged 22, was referred to us from the 
dermatological clinic. The diagnosis of pseudoxanthoma elasticum had been given her, 
both on clinical and histological grounds. The lesions consisted of papules of silvery 
yellow, found chiefly on the neck, axilla, periumbilical region and the groin. They 
had been present since the age of 14. She had no ocular complaints except slight 
myopia. She had been declared as ‘‘ normal” on fundus examination two years ago. 

Visual acuity : OD 1.2 x -1.25D 

OS 1.2 x -1.0 D 
Visual field was normal, both peripherally and centrally. Anterior eye segment 
was normal. No vitreal opacity was present. The fundus looked abnormally dark, of 
sable gray tone tinged with blue within about 60 degrees from the fixating point. The 
Same area was found, on closer examination, to be strewn all over with tiny dull 
yellow spots, of the size of a medium retinal vein. The distance of the spots from 
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each other was about the same as their diameter at the periphery and became more 
crowded together as they neared the more central part of the retina. In the circum. 
papillary area the spots became confluent with each other to form irregular, rosary-like 
configurations. In some areas they became more numerous than the pigmented element 
and it looked as if small irregular pigment patches had been disseminated upon yel- 
lowish background. In the extreme periphery the fundus presented normal, tabulated 
appearance (Plate 1 & 2, Fig. 1). 


Fig. 1. Macular region of Case 1, right. 


The optic disc and retinal vessels were normal. A pigmented crescent of 1/10 PD 
width was seen temporally to the disc. Three glistening tiny white spots were seen, 
two near the disc and the other towards the periphery. They were thought to be 
calcified hyaline bodies (Driisen). No angioid streak was present. Slit-lamp examination 
of the fundus rroved the yellow spots to be ill-defined and to be situated behind the 
retinal vessels. They did not bulge forward. The left fundus was essentially identical 
to the right, only with less prominent pigmented crescent. 

Case 2. (sister to Case 1). S.T., 27-year-old married female, had noted yellow 
papulomatous skin lesions on the axilla and the neck since four years. She had 
before visited the dermatological clinic of the University of Tokyo and has been 
diagnosed as pseudoxanthoma elasticum. Her vision was 1.2 with -1.0D in the right 
eye and 1.0, without correction, in the left. Her fundus was almost identical to that 
of Case 1, except the presence of bilateral inferior scleral conus. No angioid streaks 
were present. Her only female child, aged 2 years, showed normal fundus and skin. 

Case 3. (sister to Cases 1 and 2). F.T., 31-year-old, married female. Corrected 
vision was: OD 1.0 with -2.0 D, OS 1.0 with -2.5 D. The presence of brownish-yellow 
spots over dark gray fundus was also noted, as in previous cases. Pigmented crescent 
of 1/10 PD width was noted temporally to the disc. The disc was surrounded with a 
bright halo of 1 PD width, of the same tone as the yellow spots. The periphery was 
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normal. Angioid streaks were not found. Pseudoxanthoma elasticum was not present 
upon clinical evidence. 

There was a recent history of hematuria of about 8 weeks’ duration. The diagno- 
sis of idiopathic renal hemorrhage (left-sided) was given by a specialist in urology. 

Her only daughter, 12 years of age, showed normal fundus and skin. 

The rest of the family are as follows. 

The eldest sister to Cases 1,2, and 3, aged 35 years, showed minute gray spotting 
of the fundus. The spotting was, however, of such a moderate degree as to be hardly 
distinguishable from the elevated granularity of a normal fundus. 

T.T., 33 years old and brother to the above cases, presented scleral ring around 
the disc and a halo-shaped depigmented area around it. This area was found to 
consist of network-like minute fissures of dull yellow. 

The remaining two siblings proved to be normal. The father was - normal except 
for strong green-blindness. The mother was myopic and was suffering from hyper- 
tension. No consanguinity was present between them. The pedigree is shown in Fig. 2. 


Fig. 2. Pedigree of T family. Pseudoxanthoma elasticum is present in 
two females, aged 22 and 27 years. 


53 


Case 4. M.S. (Miyazaki family). 21-year-old, married female. She had noted yellow 
papules about the neck and axilla since two years. Recently she was diagnosed as 
pseudoxanthoma elasticum, both clinically and ee at the dermatological 
clinic of the University of Tokyo. 

Vision was: 1.0 OD and 1.0 OS, without correction. 

The eyegrounds show identical changes on both sides. A pigmented ring of about 
1/10 PD width is present about the disc. The region about the disc and macula show 
a moth-eaten picture formed by minute orange-yellow spots disseminated over the dark, 
gray-brown background. The spots lose their brilliant orange-like tone as the peri- 
Phery is approached, and assume ashy yellow appearance. The spotted fundus ceases 
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at about 60 degrees from the posterior pole to merge into the normal, tabulated fundus 
The choroidal vessels are invisible where the spotting is present. 

The macular ring reflex is normal. The yellow spots are present even on the 
fovea. 

Solitary, white brilliant spots, nine in number, were present on the right fundus 
(Plates 3,4 & 5). 

Case 5. N.M. (sister to Case 4). 19-year-old, unmarried female. 

No skin lesions were present. 

The fundus picture resembled that of Case 4, her sister. The yellow spots, 
however, were not so numerous as in previous cases. The most typical lesions were 
present about 15 degrees downwards from the macula; here the spots assumed a 
brilliant, orange-yellow tone and presented a striking contrast to the darkly pigmented 
background. In other regions, particularly near the periphery, the spots are darker 
and indistinct, and the fundus in general looked veiled and turbid. The extreme 
periphery was normal and tabulated, as in previous cases. 

Analogous fundus changes were observed in her sister, aged 15 years, and in two 
brothers, aged Il and 4, respectively. In these three cases, however, the yellowish 
spots were smaller, less brilliant and were less sharply bounded. Most prominent 
changes were present, not in the proximity of the disc, but at about 6 PD’s distance 
from it. The regions around the disc were uniformly dark and turbid. 

The skin was found to be normal in these cases. 

The examination of their parents gave negative results. No consanguineous 
marriage is present (Fig. 3). 


Fig. 3. Pedigree of Miyazaki family. Pseudoxanthoma elasticum is 
present in the eldest of the siblings only. 


Case 6. S. Sasaki, 28-year-old, unmarried female. 

She had been conscious of yellow papules on the neck since the age of 18, but 
had not sought medical advice. She visited a dermatological specialist recently on 
account of acute allergic dermatitis. The accompanying pseudoxanthomatous lesions 
were discovered and sent to us for ophthalmological examination. 
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Visual acuity was 1.0 each, with correction of -0.5 D. 

Minute, dull yellow spots were disseminated on a slightly more than normally 
pigmented fundus. The condition was confined within an area about 30 degrees upper 
and downwards from the fixating point, 20 degrees nasally and 50 degrees temporally. 
Outside this area the fundus looked normal. 

On the right eyeground a peculiar gray patch was observed near the disc. It was 
flame-shaped, with its broad base attached to the disc margin. It extended upwards and 
nasalwards for about one and half PD. The retinal vessels running over the patch 
not concealed. The patch was fringed with accumulated pigment. 

Case 7. C. Kakuda. Unmarried woman, 34 years old, was referred to us for 
examination of unusual fundus findings detected by a practising ophthalmologist. She 
had typical pseudoxanthoma elasticum lesions on the neck and axilla since five years ago. 

The vision was 1.2 each, without correction. 

The outer eye was normal. There was no vitreal opacity. The fundus examina- 
tion revealed a normal optic disc and vessels. An angioid streak, of dark brown color 
and of the width of one-fourth of medium-sized retinal vein, ran concentrically round 
the disc. Two similar streaks, both showing ramifications, ran radially for about 2 
PD length up- and downwards to the disc. The streaks were surrounded by a wide 
depigmented gray zone, which formed a tongue-like or flame-shaped figure with its 
base towards the disc. The rest of the fundus consisted of pigmented patches of dark 
gray tone and ill-defined spots of yellow. The posterior part of the fundus was wholly 
occupied by the yellow elements, looking uniformly dull yellow. Towards the equatorial 
region pigmented patches became more numerous, first as isolated, irregular pigmented 
patches, then like mosaic or crack-in-the-mud pattern, separated by narrow stripes of 
yellow spots. This ceased abruptly to give place to anormal-looking, tabulated fundus 
peripherally. 

The left fundus differed from the right in showing less prominent streaks, a wider 
peripapillary depigmented zone, and more numerous pigmented patches towards the 
more central part of the fundus (Plates 6,7 & 8). 


Discussion 


“* Mottled Fundus’’. The mottling of the fundus which has been observed in the 
foregoing cases seems to be of one uniform nature. It can be interpreted, in a sche- 
matic way, as consisting of minute yellow spots disseminated over the fundus that has 
become strongly pigmented and opaque. The term ‘‘ mottled fundus” is applied, by 
definition, to such a fundus picture composed by these two elements in the following 
discussions. 

Mottled fundus may vary according to the severity of the case. The bright spots 
are usually of dull yellow tone, but it may be somewhere between ashy gray to 
brilliant orange yellow.. In the same fashion, the dark tone of the fundus can be of 
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various intensity. In the majority of cases the pattern of underlying choroidal vessels 
is wholly invisible. In some cases, it may be discernible through the semi-opaque 
retina. 

The mottling is usually present over the area behind the equator. In atypical 
cases it may be confined to a more restricted area and, in some, the mottling may be 
apparent only in one quadrant of the fundus. The periphery of the fundus is always 
spared and presents normal, tasselated appearance. 

Judging from the ophthalmoscopic picture, the diffuse pigmentation seems to be 
the primary and underlying process and the yellow spotting to be a later phenomenon 
superposed upon the former. This is supported by the tendency of the yellow spots 
to fuse with each other, to present a moth-eaten appearance, and by their abundance 
towards the more central part of the fundus, where a more advanced pathologic 
process is to be expected. The underlying condition seems to be degenerative rather 
than inflammatory, as is seen by unimpaired vision, bilateral occurrence and by the 
absence of vitreal opacity. 

The mottled fundus belongs to the kind of associated change that has been long 
known to occur in the presence of angioid streaks. ‘‘ Coarse’’, ‘“‘turbid’’, ‘‘ squalid’’, 
‘“‘hazy”’ or ‘“ stippled’’ fundus is repeatedly met with in reports of angioid streaks. 
In some instances the presence of brilliant yellow spots alone is noted and, in some, 
disseminated pigment patches are the sole pathologic picture described. It seems 
highly probable, however, to assume that the fundamental condition is to be represent- 
ed by the co-existence of both yellow and pigmented elements. The difference in 
interpretation might be caused as to which of the two elements dominates the clinical 
picture. 

Bischler’s survey on European literature! points to a similar direction. 

The occurrence of mottled fundus alone in the absence of angioid streaks is not 
entirely new. As early as in 1908 Pagenstecher' reported on a 21-year-old male, who 
presented angioid streaks in one eye and mottled fundus in the other. Pigment streaks 
made its appearance four years later. 

In 1932 cases of ‘‘ streakless angioid streaks’’, consisting of gray and dull yellow 
spots, were reported by Zeeman?!. One patient had pseudoxanthoma elasticum of the 
skin and the other two were brethren to a case of Grinblad-Strandberg’s syndrome. 
Similar cases have since been reported by Wolff”, Bischler', and Liegl?. 

As to Japanese cases, the author has been able to collect 14 instances from the 
literature which deals with ’’atypical’’ fundus lesions associated with pseudoxanthoma 
elasticum. In four instances (Kawamura, Homma, Kakutani) the fundus is describ- 
ed simply as ’’atrophic’’. In six cases (Oka, Niimi, Ikeda-Uyama etc.) bright miliary 
spots, differing in tone from ashy yellow to brownish yellow, were observed. Minute pig- 
ment spots are described in 3 cases (Arai-Kurachi, Kawashima, Asai), and the co-pres- 
ence of both yellow and pigmented patches is reported in one instance (Sunami-Ikeda-Uya- 
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Mottled Fundus in Association with Pseudoxanthoma elasticum 


Fig. 1. S.T. 22 years old. 
note the mottled fundus and normal disc 
and vessels. OS. 


Fig. 2. M.S. 21 years old. OD. 


Fig. 4. ibid. OD. 
Fig. 3. ibid. OD. Two distinct white spots may be calcified 


More temporally to the macula. drusen. 
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Fig. 6. ibid. OD. 
Fig. 5. C.K. 34 years. OS. Angioid streaks are present. 
Typical angioid streaks with The mottling is identical with the above, , 
“peripapillar choroidal atrophy”. “streakless” cases. 


Fig. 8. Retinitis punctata albescens. 


18 years. OS. 
Fig. 7. ibid. OD. The white spots are sharply defined and 
Yellow spots become sparse and indistinct isolated. Underlying choroidal vascular 
towards the periphery. pattern is clearly visible. 
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ma). Glistening white spots, interpreted as Driisen, were observed in 3 instances. In 
one case angioid streaks developed five years later. The patients were generally those of 
the younger age-group (two patients were below 10 years, two under 20, seven under 
30 and only three over 30). Only two were males and the remaining twelve were 
females. 

These cases, together with the ones described above, serve as strong evidence to 
show the repeated association of mottled fundus and pseudoxanthoma elasticum of 
the skin. 

Underlying pathologic process. All histological studies of angioid streaks agree in 
admitting, besides the presence of fissures, degeneration and thickening of the lamina 
vitrea and loss of pigment in the pigment epithelium. Hagedoorn’, commenting upon 
the dotted character of the fundus, concluded that the gray haziness of the retina 
and mosaic-like pigment patches represent the foci in the Bruch’s membrane made 
opaque by degeneration. 

Klien? gave a more convincing interpretation to the mottled fundus. The dark 
area, according to her, corresponds to layers of cuticular accumulation between 
pigment epithelium and lamina basalis. The presence of degenerated elastic lam- 
ina and thick cuticular layer gives the opaque haziness, together with the deeply pig- 
mented epithelium over such area. When the epithelium loses its pigment content, the 
color of the underlying plaques becomes more evident, presenting yellowish appearance. 
Her theory is in accordance with the ophthalmoscopic picture of our cases. 

Driisen. To call the yellow spots ’’Driisen’’, as Liegl has interpreted his case, 
seems to be incorrect. Though there may underlie an analogous pathologic process 
in both conditions, it would be advisable to reserve this designation for typical excres- 
cences. Besides, the presence of genuine drusen, apart from the yellow spots, is 
repeatedly observed in the mottled fundus. These are often present as white glisten- 
ing, isolate spots. 

Mottled fundus vs. angioid streaks. Interpretations vary that have been given about 
the mottled fundus, especially as to its relation with angioid streaks. Ikeda’, France- 
schetti> and Bischler! considered it as an abortive form (forme fruste) of the disease 
with little tendency towards progression. Again, there are authors!® who regard the 
mottled fundus to be the earliest form before the appearance of the streaks. If a 
place were to be found in the time-honored classification of Wildi, it might well be 
designated as stage O. 

The present author is of the opinion, that every case of angioid streaks passes 
through the stage of mottled fundus in its earliest phase, and that, as there is a 
wide individual fluctuation as to the progression of the disease, there may be also 
cases that remain in this stage during the whole life. It is suspected that there 
might be an accessory factor which plays a réle in the development of angioid streaks and 
which may also be the cause of female predominance in mottled fundus. 
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Differential diagnosis. Retinitis punctata albescens (Fundus albipunctatus cum hem- 
eralopia) is one of the conditions often cited because of its similarity with mottled 
fundus. The resemblance is, however, only superficial and a definite line can be 
drawn between the two, conditions. In punctate retinitis the spots are sharply demar. 
cated, solitary and do not coalesce with each other, and the tone is rather pale white. 
Moreover, the fundus itself is normal except the presence of white spots, there is no 
abnormal pigmentation and the underlying choroidal pattern is visible (Plate 9). 

There is a liability to confound the mottled fundus with pigment degeneration of 
the retina, especially with the sine pigmento’’ type. Care must be taken to ascertain 
the absence of pathologic changes in the vessels and optic disc, the normal visual 
function and the co-presence of both yellow and pigmented elements. 

Cases are present in Japanese literature,!’ which report the presence of pigment 
degeneration of the retina in association with angioid streaks and/or pseudoxanthoma 
elasticum. This association may be coincidental. 

Multiple gray spots on the retina are known to occur in hypertensive and 
arteriosclerotic patients. This is a matter of special interest, since arteriosclerosis is 
a common accompaniment of angioid streaks, and, as Grinblad and her associates 
have shown in a recent monograph’, diffuse choroidal sclerosis can be the ultimate 
result of angioid streak fundus. Sorsby!® has formerly observed, as a possibility, 
that the earliest sign of choroidal sclerosis is the appearance of white dots lying deeply 
in the retina. It is not yet clear whether and to what extent the mottled fundus and 
choroidal sclerosis is correlated. 

Angioid streaks in Japan. Cases of angioid streaks have been reported rather repeat- 
edly in Japan, and the present author has been able to accumulate 120 instances 
from Japanese literature. They have been classified and classified and listed in tabul- 
ated form (Table 1). 

The most frequent occurrence of angioid streaks during the third decade(20 to 29) 
differs somewhat from Scholz’s report! upon European literature, which shows the 
most frequent occurrence during the fifth decade. From the results given here, we 
can conclude that the angioid streaks make their appearance approximately at the 
same age as pseudoxanthoma elasticum of the skin. 

The distribution as to sex is particularly interesting. Angioid streaks have been 
observed in males one and half times as often as in females, while pseudoxanthoma 
elasticm occurred predominantly in females, almost in reverse ratio. 

The deviation as to sex has been considered as ’’insignificant’’ by Scholz and as 
due to ‘‘cosmetic grounds’’ which prompt females to ask medical advice by Nagabori 
et al.!! The author, however, considers that the deviation follows a definite pattern. 

Preponderance of males has been noted in: (1) cases in which foregoing trau- 
ma led to the discovery of angioid streaks, (2) cases in which spontaneous retinal 
hemorrhage occurred in association with angioid streaks, and (3) cases of angioid 
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Table 1. 
Angioid streaks: age and sex distribution. 
Age 10-19 20-29 30-39 40-49 50-59 60 & up total 
male 3 16 18 14 11 sie 72 
female — 10 15 13 8 1 48 
~~ total 3 36 33 27 19 1 120 


Note 1: Trauma led to the discovery of angioid streaks in 16 cases 
(15 males and 1 female). 

Note 2: Spontaneous retinal hemorrhage was present in 17 cases 
(12 males and 5 females). 

Note 3: Pseudoxanthoma elasticum was also present in 75 cases 
(38 males and 37 females). It was absent in 23 cases 
(20 males and 3 females) and is not mentioned in the 
remaining 21. 


Table 2. 


Pseudoxanthoma elasticum: age and sex distribution. 
(cited from Nagabori et al''. 1957, with due 
retouchings and with kind permission of the 


authors). 
Age before 10 11-20 21-30 31-40 41-50 51 & up total 
male ~ 5 18 11 5 3 42 
female 3 7 25 12 8 7 62 
total 3 12 43 23 13 10 104 


Note: The age listed here is the age of first examination. 
The lesions made their appearance mostly during 
the teens. 


streaks in which pseudoxanthoma elasticum was absent. On the contrary, females 
comprised the majority in cases who had pseudoxanthoma elasticum and ’’atypical’’ 
fundus lesions, as noted above. 

Thus the statistical analysis of Japanese cases has shown that angioid streaks are 
commoner and exist in more advanced form in males and that pseudoxanthoma elas- 
ticum is a disease found more prevalently in females. 

Cockayne’ interpreted the preponderance of females in pseudoxanthoma elasticum 
as due to supposed sex-conditioned recessive mode of inheritance, i. e., hereditarily 
tainted females manifest the disease more readily than males. Similar interpretation 
is possible as to our cases in question. 

The author is of the opinion that the mottled fundus is the manifestation of the 
degenerative tendency of elastic tissue in an unspecific way, and that the angioid streaks 
represent the end result of the degenrative tendency that has undergone modifica- 
tions, probably of local, mechanic or circulatory nature. If there is to be a greater 
tendency in males which facilitates the formation of angioid streaks, then the above 
mentioned results receive due explanation. 

Circulatory disturbances in the choroid have been considered by many to play an 
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important réle in the formation of angioid streaks‘. And if, as is seen in some cardio. 
vascular disturbances (coronary insufficiency, hypertension etc.) males are to be affect- 
ed more readily than females, analogous circumstances may also be applicable to 
angioid streaks. 

The color of the streaks is described in 63 cases. It is described as dark brown 
in 36 cases, and as black or dark gray in 18. The rest is described as brown, light 
brown or its variants. It is noteworthy that no case with red or ash gray streaks 
has been known among the Japanese. 

The presence of so-called peripapillary choroidal atrophic lesions, which simulate 
the form of a starfish, have been reported in 47 cases. The color is usually ashy-gray 
tinged with blue. They are usually fully developed, and in several cases are much 
more prominent than the streaks themselves. 

Histological examination is reported once!?, on a 32-year-old woman who died of 
carcinomatous peritonitis. Angioid streaks corresponded to fissures in the lamina 
elastica and starfish-like peripapillary atrophy patches corresponded to where the lam- 
ina showed thickening and intense basophilic staining. Degeneration and fragmen- 
tation of elastic tissue was observed in the aortic media. 


Summary 


1. A kind of fundus disorder, consisting of minute dull yellow spots and pigmented 
patches, has been discussed under the name of ‘‘ mottled fundus’’. 

2. In four patients the mottled fundus was associated with pseudoxanthoma elastic- 
um of the skin. The mottled fundus was also found in other members of the family. 

3. In one patient the mottled fundus was co-existent with angioid streaks of the 
retina and pseudoxanthoma elasticum. 

4. The mottled fundus is hereafter to be regarded as one of the chief components 
of Grénblad-Strandberg’s syndrome, regardless of the presence or absence of angioid 
streaks. 

5. The mottled fundus seems to be the earliest clinical sign before the appearance 
of angioid streaks. 

6. A brief survery of Japanese literature on angioid streaks is attempted. 
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ELECTRON MICROSCOPE STUDIES OF THE PIGMENT EPITHELIUM 
Report 1. Effects of Sodium Iodate Poisoning 


Eiichi YOSHIDA 
Department of Ophtalmology, Faculty of Medicine, Kyoto University, Sakyo-ku, Kyoto 


Introduction 


It has already been reported by earlier workers that one to several injections 
of iodate into rabbits result in marked degeneration of the pigment epithelium histolo- 
gically, but the details of its fine changes remain unknown. In this report the exact 
effects of intravenous iodate on the pigment epithelium of rabbits were studied using 
the electron microscope and the ERG. The results obtained may provide new inform- 
ation about the fine structures of the pigment epithelium of the rabbits injected. 


Materials and Methods 


The eyes of colored rabbits were used. 3% sodium iodate in doses of 15—30 mg./kg. 
were intravenously injected into rabbits followed by clinical observation and the study 
of the ERG, which was recorded ninty minutes after subcutaneous injection of 20% 
urethane in doses of 6c.c./kg. 

The pigment epithelium together with the retina and sclera was cut off from the 
equatorial portion of the eyeballs of the rabbits, most of them were killed by means 
of air embolism and the other living. The equatorial portion was chosen because, as 
is well known, degenerative changes in the human eyes occur at first in that area. All 
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pieces of the cut tissues were immersed in cold 1% osmium tetroxide solution buffered 
with phosphate of veronal acetate at pH 7.2—7.4 (Palade and Schistrand). 

After fixation the tissues were washed briefly in saline, and dehydrated in increas. 
ing concentrations of ethanol, followed by infiltration with n-butyl methacrylate and 
methyl methacrylate monomer (6.5: 3.5) and embedding at 45°C. The sections cut with 
a glass knife were observed with the Hitachi electron microscope (type HU-10 and HS-6). 


Observations 


Normal findings. 

The cytoplasm of the endothelial cells of the choroidal capillaries facing the elastic 
membrane were as thin as 300 A having numerous pores at varying intervals. The endo- 
thelial basement membrane was also very thin. The elastic membrane was rather dense 
about 2 micron in width showing no internal structure. In regard to the pigment epi- 
thelium, the basal cytomembrane, designated as 8-cytomembrane by Schistrand, showed 
numerous infoldings of various width, which were continuously connected with the 
endoplasmic reticulum as shown in Fig. 1. Two adjacent lateral cell membranes were 
in smooth and close contact having a desmosome and no tonofilaments. Most of the 
mitochondria were found in the basal part of the cells, usually ovoid in shape and 
contained microgranules. Aboundant endoplasmic reticulum observed through-out the 
cytoplasm was chiefly of agranular type. A few granular type of the endoplasmic 
reticulum were found only at the apical part of the cells. Golgi zone was found usually 
close to the nucleus, but occasionally also in other parts of the cytoplasm. It seemed 
to consist of two components, membranes and vesicles. In this region some electron 
Opaque microgranules, round or ovoid in shape and various in size, were observed. 
Fuscin granules scattered in the upper half of the cells were electron opaque, ovoid 
or spindle shaped and about 1.2 micron in long axis. They were usually contained in 
the endoplasmic reticulum and some of them showed lamellar structure. Their limit- 
ing membranes were hardly observed. Concerning how Fuscin granules were formed, 
it was considered to be important and noteworthy to observe various stages of the 
transforming types from the microgranules, scattered close to Golgi zone, to Fuscin 
granules. Granulated bodies and lamellated bodies were usually in the middle of the 
cell bodies, ovoid in shape and about one micron in size. Lipochrin was electron 
opaque, homogeneous, irregular shaped and less than the nucleus in diameter. Méicro- 
villus was a protruding cytomembrane bordering the outer segments of the visual cells 
and composed of numerous projections of various length, containing the endoplasmic 
reticulum and occasionally a spindle shaped Fuscin granule. In addition, the limiting 
membranes of the microvilli surrounding directly the outer segments showed porous 
appearance. It was considered therefore that the contents of the microvilli might be 
in communication with the surfaces of the outer segments. The nucleus was spherical 
in shape showing smooth outline, and its covering was of three layers. Dense intra- 
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nuclear substances passed outwards through the pores of the inner nuclear membrane 
and the outer nuclear membrane on the other hand was observed to be continuous 
with the endoplasmic reticulum. 


lodate administration. 

Preliminary experiment—The tissue fixed in ninety minutes after subcutaneous injection 
of 20% urethane (Rabbit No. 7 right eye). In the cytoplasm of the pigment epithelium, 
a part of the endoplasmic reticulum was slightly enlarged. Otherwise, there were no 
special findings. 

The tissue fixed thirteen minutes after the injection (Rabbit No. 11—an injection of 
iodate in doses of 30 mg/kg.). One minute after injection, afterswing of the ERG 
appeared and in six and half minutes c-wave began to decrease. 

The endothelial cells of the choroidal capillaries became thicker and irregular in 
shape. The elastic membrane and endothelial and epithelial basement membranes 
became so dense that it was difficult to distinguish one from others. The basal in- 
tussusception and the basal part of the microvilli were indistinct in shape and the 
endoplasmic reticulum slightly enlarged. The shape of the mitochondria became irregu- 
lar. The pile of the flattened sacs of the outer segments of the visual cells seemed 
to be swollen and dissociated. 

The tissue fixed forty miuntes after the injection (Rabbit No. 7 left eye—an injection 
of iodate in dosis of 30 mg./kg.). One minute after injection, afterswing of the ERG 
appeared and c-wave began to decrease, disappearing in thirty minutes. There were 
no significant changes in b-wave. 

Concerning the choroidal capillaries, the infoidings of the epithelium became marked 
in some parts and missing in other, and intracytoplasmic vacuoles as well as vascular 
stenosis were observed. In the adjacent region to the above described changes, the 
elastic membrane and endothelial and epithelial basement membranes were partially 
broken down and became electron dense. The basal intussusception was on the whole 
distinctly obscure, and the cytoplasm was full of numerous vacuoles, most of which 
were considered to result from the endoplasmic reticulum and the rest, from the 
mitochondria. Two types of mitochondria were found, one, which was dominant in 
number, was vacuolized and low dense and the other, small and high dense. 

The tissue fixed twelve days after the first injection (Rabbit No. 10—seven injections of 
iodate in dosis of 15—-20 mg./kg.). Ophthalmoscopically, edema of the retina occurred 
in four days and proliferation of pigments, in twelve days. 

In the endothelium of capillaries as well as in their pericytes, numerous vacuoles 
were present. The elastic membrane and endothelial and epithelial basement me- 
mbranes showed marked degenerative changes, but their distinction was still possible. 
The basal intussusception could not be observed. No abnormal findings in Fuscin 
granules were found except one, which was spindle shaped about 2 micron. 

In some cells slightly changed, Golgi zone was observed, but not mitochondria. 
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The outer segments of the visual cells showed marked degenerative changes. 

The tissue fixed six days after the first injection (Rabbit No. 9—three injections of 
iodate in dosis of 15 mg./kg.). Almost all components of the ERG disappeared except 
for the markedly decreased b-wave. Ophthalmoscopically edema of the retina occurred 
in 3 days and proliferation of pigments, in 6 days. 

In regard to the capillaries, most of the endothelial cells and the pericytes were 
broken down and detached. The elastic membrane and endothelial and epithelial 
basement membranes were still distinguished though their shapes were, in some parts, 
markedly changed. As for the pigment epithelium, not only its basal cytomembrane 
was detached from the basement membrane but also the basal intussusception was 
disappeared. The change of the nucleus was rather intense, being irregular in shape 
with indistinct limiting membranes and having intranuclear vacuoles. The cytoplasm 
was filled with possibly proliferated numerous Fuscin granules of various forms and 
sizes. Numerous vacuoles were due to the enlarged mitochondria or endoplasmic 
reticulum, and destructed lamellated bodies were also present. The outer segments 
of the visual cells showed slight changes. 


Discussion 


Normal findings. 

The endothelium of the choroidal capillaries facing the elastic membrane is very 
thin and has numerous pores. 

This observation was commonly admitted by recent investigators not only in 
rabbits but also in other several animals. As reported by Yamada and others, glo- 
merulus, thyloid gland, postohypophysis and alveolus of lung seem to have the same 
structure. Considering from the normal function of these organs, it appears likely 
that this structure of the choroidal capillaries of the rabbit is closely connected 
with secretion or interchange of fluid. The basal intussusception of the pigment 
epithelium has already been reported by Asayama and Yoshida!, Iwaki? and Wislocki® 
in the human eyes, by Tanaka’ in piegeon, sparrow and jushimatsu. In addition 
this has been found in the epithelial cells of other organs related with resorption of 
fluid. Moreover the limiting membrane of the infolded cytomembrane is as above men- 
tioned continuously connected with that of the endoplasmic reticulum. The elastic 
membrane and endothelial and epithelial basement membranes can be distinguished 
one another, the former being the thickest and seemingly structureless, the latter two, 
very thin, with porous appearance. These findings lead us to conclude that the con- 
tents of the capillaries are easily be transported through the pores of the capillary 
endothelium, three membranes above described, and the cavities of the endoplasmic 
reticulum to the outer segments of the visual cells. As for the melanin formation, 
its relation to Golgi zone has been observed by Birbeck (1956) using the electron 
microscope in the human hair, by Dalton (1959) in mouse melanoma, and by Welling 
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and Siegel” (1959) in maligne melanoma of human being. As to the formation of 
Fuscin granules, the findings in this study have much common with those pointed out 
by Welling. 
lodate administration. 

Ninty minutes after a subcutaneous injection of urethane, the pigment. epithelium 
shows so slight change that only a few endoplasmic reticulum are slightly enlarged. 

At that time when c-wave begines to decrease, it is observed that the elastic 
membrane and two adjacent basement membranes become obscure in shape, the 
mitochondria of the pigment epithelium, irregular, the enlarged endoplasmic reticulum, 
increased in number, and the capillary endothelium, irregular in shape and thickness. 

When only c-wave disappears, the elastic membrane and two adjacent basement 
membranes as well as basal intussusception are partially broken down. The cyto- 
plasm is filled with numerous vacuoles, resulted from the enlargement of the endo- 


plasmic reticulum and mitochondria. Golgi zone and the lateral cell membranes 
are hardly distinguished and the outer segments of the visual cells and the capillary 


endothelium with its pericytes are slightly damaged. 

At that time when b-wave also begines to disappear, it is observed that the elastic 
membrane and two adjacent basement membranes are detached from the choroid and 
markedly broken down. The cytoplasm is filled with numerous vacuoles and Fuscin 
granules, and capillaries and outer segments show more or less marked changes. 
Palade and Porter reported that the morphological changes of mitochondria and endo- 
plasmic reticulum of cells might depend upon their function and the way of living. 

The enlargement or vacuolization of the endoplasmic reticulum and mitochondria 
has been considered to result from postmortal changes by Takagi, from chemical 
administration by Matsumoto, from intoxication by Onoe and others, from degenerative 
changes by Gansler and Rouiller, and Sakaguchi, from inflammation by Tsujimura, 
from recurrent hypopyon uveitis by Asayama and Yoshida. 

In fact, their enlargement or vacuolization is not necessarily characteristic to the 
poisoned pigment epithelium. 

On the other hand, c-wave of the ERG is considered to be closely related to the 
function of rod cells of the rabbit as described by Asayama and Nagata®. Tomita has 
reported that c-wave indicated the potential derived from the pigment epithelium or 
visual cell layer stimulated and has some relations with the metabolic process reco- 
vering from impulses. Therefore the results obtained in this study using the electron 
microscope should also be considered in relation to the ERG, especially c-wave. 

Regarding the existence of the blood-retinal-barrier, several theories have recently 
been proposed by Noell‘ and Jacobson potentially and by Mizuno’ biochemically. 

Judging from the results obtained in this study, the structure extending from the 
elastic membrane to the basal intussusception is possibly the blood-retinal-barrier. 
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EXPLANATION OF FIGURES 


Fig. 1 (Rabbit No. 4). Normal findings. 
Lower magnification view of the pigment epithelium, showing microvilli (mv) at the upper 
left, many mitochondria (M) in the basal portion and endothelial cells of a capillary at 
the lower right. Golgi zone (G) is clearly demonstrated in the center of the field. 
F: Fuscin granules, N: nucleus, I: basal intussusception. x 10500 
Fig. 2 (Rabbit No. 5). Normal findings. 
Micrograph shows apical part of the epithelial cell. Fuscin granules (F) are included in 
the microvilli (mv). Note pores in the nuclear membrane at the upper right. x 24000. 
Fig. 3 (Rabbit No. 7, right eye). After subcutaneous urethane. 
Section showing the slightly enlarged endoplasmic reticulum. 
M: mitochondria, L: elastic membrane, E: capillary endothelium. x 12000. 
Fig. 4 (Rabbit No. 7, left eye). Forty minutes after an injection of iodate. 

a) Section showing numerous vacuoles, most of which result from the endoplasmic reticulum 
and the rest, from the mitochondria (M). The elastic membrane (L) is slightly destructed. 
E: capillary endothelium. x 12000. 

b) Micrograph shows narrowing of a choroidal capillary (Cap). The cytoplasm of the 
endothelial cell having numerous pores is electron dense. The basal intusussception (1), 
elastic membrane (L) and two adjacent basement membranes poisoned are indistinct in 
shape. CB: epithelial basement membrane, EB: endothelial basement membrane. x 25500 
(Rabbit No. 9). Six days after three injections of iodate. 

Section showing two epithelial cells detached from the elastic membrane (L). Two outer 
segments of the visual cells (R) are markedly destructed. CB: epithelial basement mem- 
brane, 1b: lamellated body. x 10500. 
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EXPERIMENTAL STUDIES ON OCULAR MANIFESTATION 
OF CHOLINE DEFICIENCY 


Kimiho IRINODA and Seiichi KONTA 
Department of Ophthalmology, School of Medicine, Hirosaki University 
Sagaracho, Hirosaki 


Introduction 
Best and Huntsmann (1932) demonstrated, that choline was essential in the diet 
of rats to prevent the accumulation of excess amounts of fat in the liver. Later 
Griffith and Wade (1939) reported hemorrhagic degeneration of the kidneys of weanling 
rats deprived of dietary choline, and observed that the renal lesion was usually re- 
sponsible for the animal’s death within two weeks. 

The ocular changes of choline deficiency was reported by Griffith and Engel that 
intraocular hemorrhages occurred in the young rats whose kidney were most severely 
affected. 

The present paper will deal with further observations and pathohistological in- 
vestigations regarding the intraocular hemorrhages occurring by some changes of 
vessels in yonng albino rats fed on diets low in choline. 

Experimental Method 


As experimental animals 108 rats 20 to 60 days old (weight 18 to 80 gm.) were used 
and divided into five groups (A,B,C,D,E,) kept in individual cages with raised 
screen floor. 

A modificated Engel, Salmon and others’ diet was fed ad libitum and two diets 
were used (A,B,). 


Diet B 


Diet A 


Glucose 28.2 per cent | 28.2 per cent 
Casein (extracted) 18 16 

Lard | 19 | 21 

Salt mixture (No. 4) | 5 | 5 

Cystine 0.1 0.1 


The diet further enriched by the following three kinds of vitamin-mixture (A, B, C,) 
for every 100 gm. of the diet. 


Control animals (D) received 5 to 20 mg. of choline chloride daily and others (E) 
the cereal diete. 

Examinations of the whole body, with weighing the body and of the eyes with the 
aid of oblique illumination and ophthalmoscope were daily done. For this purpose, 
mydriasis was obtained by the instillation and others (E) the cereal diet of one 
drop of 2 per cent homatropine in each eye. 
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Vitamin-Mixture 


Thiamine hydrochloride 
Riboflavin 

Pyridoxine hydrochloride 

Calcium pantothenate 

Nicotinic acid 

Inositol 

Para-aminobenzoic acid 

Menadione 

a-Tocopherol(one week dosis)| 5.0 
Folic acid 

Vitamin B,, 

Vitamin C 

Vitamin P 


The rats were killed, when deficiency was maximal. The organs and eyeballs of 


the rats killed, or died were removed, fixed in 10 per cent formalin and Ciaccio’s 
solution, sectioned and stained with hematoxylin-eosin, Van Gieson’s-stain, Azan, PAS 


and jod-reaction. Additional eyes were sectioned with the freezing microtome following 
formalin fixation, and stained with Sudan III. The quantitative measurement of 
choline-content in the liver and kidney as made by Jacobi’s modified method, was. 
performed. 


Results 


1. acute choline-deficiency of the rat. 

Diet A and diet B of a choline deficient diet was not different in deficient symptoms.. 

On 38 acute choline deficient rats, intraocular hemorrhages in 2 rats, severe renal 
lesion in 7 rats, and slight or moderate renal lesion in 10 rats were observed. These 
severe choline deficient symptoms manifested in 30 days. All the livers were markedly 
fatty. 

In choline deficient rats, when vitamin-mixture B was added to their dieit, on 


intraocular hemorrhages came out. 

Further, in 20 rats, where vitamin-mixture C was mixed in the diet, severe renal 
lesion appeared only in one rat. 

From the above fact, the manifestation and severity of choline deficiency in a rat 
is clearly due to added vitamins. Especially folic acid and vitamin Bi. are connected 
with synthesizing choline in the rat. But hemorrhagic degeneration is not affected 
by vitamin C, K and P. 

General symptoms in choline-deficiency. In general, symptoms in choline-deficient 
weanling rats are: loss of weight, rough and dirty fur, diarrhea and loss of appetite 
and half of the rats died in one week. Control animals grew normally. The living 
animals of deficient rats were dull, absent-minded and apathetic. The bulbar con- 
junctiva, fundus, ear-lap and tail were anemic. In my acute choline deficient experiment,. 
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the female rats were generally severer comparing with the male rats. Acute choline 
deficient rats had severe renal lesion and fatty liver. The kidney and liver of deficient 
animals became big, especially the kidney was twice as large. Ophthalmologically 
hyphaema or anemia of the conjunctiva and the fundus was found. The rate of 
quantitative measurement of choline in the liver and kidney showed a marked decrease 
in intraocular hemorrhagic rats, but also in intraocular non-hemorrhagic rats choline- 
content of the liver showed somewhat an increase and reversely one of the kidnies 
showed a decrease. 

Pathohistological finding of internal organs. The kidney of the most severe cases 
became red-black and big, i.c. twice as large, and in it hemorrhagic degenerations 
were found. The kidney of slight cases had white patches in places. The renal 
capsules became thicker, and its cortex was hemorrhagic with full spreading to the 
medulla as a whole. The glomeruli of kidney were congested and showed hemorrhagic 
degeneration in places. The epithelium of the renal tubules became degenerative and 
necrotic, further there were diffuse cloudy swelling and edematous degeneration observed. 

The liver was so whitish swollen that the fatty degeneration was marked. Histol- 
ogically the central veins were in general dilated, and in places filled with blood. The 
liver cells became degenerative and indistinctly limited, and they were filled with fat 
in and about them. 

The spleen became as big as the kidney and congestive, and there dilation of the 
vessels and indistinctness of the follicles were found. Generally in the heart, neither 
necrosis nor bleeding was found in the heart muscles. 

Ocular finding. Intraocular hemorrhages in two cases had appeared, and they were 
visible to the naked eye as hyphema. Anemic changes were considerably found in 
the conjunctiva and fundus of six cases. 

The intraocular hemorrhage of one case originated from the ciliary body and 
suddenly extended to the anterior chamber and posterior chamber. Another one was 
voluminous vitreal hemorrhage in the left eye. In this case the localization of the 
intraocular hemorrhage was not evident, but possibly the bleeding happened exudatively 
from the vessels of the iris and ciliary body, and further, they extended to the 
anterior chamber, posterior chamber and vitreal body. In the right eye of that case 
retinal exudative hemorrhages were observed. The dilatation and stasis of the vessels 
of the conjunctiva, iris, ciliary body, retina, choroid and sclerotic were found. Espe- 
cially the bleeding and swelling in the process of the ciliary body were found in all 
cases. Their arterial walls became hypertrophic, and edematous swelling and a 
mucoid-degenerative tendency were visible. Further in the neighbouring arteries of 
the ciliary body and optic nerve the hypertrophy and proliferation of the intima were 
found. 

2. Chronic choline deficiency of the rat. 
Twenty rats which weighed 40 to 80gm. were fed during about 130 days. 


: 
§ 
ate 


24—(24) JAPANESE JOURNAL OF OPHTHALMOLOGY 


As symptoms of the whole body only the loss of weight occured, however changes 
in appetite, fur, activity and stool did not appear. Visible ocular manifestations did 
not happen. On the other hand, the tendency of slight atrophies in the liver and kidney 
were observed, and pathohistologically considerable sclerosis was found in the media 
of the aorta. That is to say, the media was so strongly hypertrophied with fibrinous 
proliferation and hyaline degeneration, that the intima was pushed up into the vascular 
space and changed into edematous degeneration. As an ocular change not any in- 
traocular hemorrhage was seen, however dilatation of the vessels and swelling of the 
ciliary processes and an engorgement of the vessels of the retina, is noticed in general. 
3. Quantitative measurement of the choline. 

The quantitative measurement of choline in the liver and kidney had been prac- 
tised by Jacobi’s modified method (Kubo’s one) of the colorimetric method. 

The average choline quantity of the liver of 16 control rats was 2.01 + 0.41 mg/g 
and of the kidney in 14 control rats 1.66+0.36 mg/g. While the average choline 
quantity in the liver of 8 choline-deficient rats, which produced severe renal lesions 
and fatty liver increased (2.63 + 0.26 mg/g) the quantity of the liver of an intraocular 
hemorrhagic rat decreased (1.33 mg/g). 

However in the 8 chronic choline-deficient rats the choline quantities of the kidneys 
decreased (average 1.12+0.2 mg/g), and the choline quantities of the liver were 
somewhat large (average 2.26 + 0.23 mg/g). 


Comment 


The principal symptoms in the choline deficiency of the rats were 1) fatty liver, 
2) hemorrhagic degeneration, 3) atherosclerosis. 

Best and Huntsmann discovered, that choline had a preventing effect of deposition 
of fat in the liver. Griffith and Wade, Engel and Salmon described, that in young 
rats which fed on choline deficient diets the symptoms consisted of inactivity, abdominal 
distention, enlarged kidneys, labored breathing, coma, and in some cases, eye hem- 
orrhages. Microscopic examination revealed severe hemorrhage in the kidney cortex, 
massive deposits of fat in the liver cells, varying degrees of hemorrhage in the adrenals, 
lung, myocardium and lymph nodes, hypertrophy of the spleen and atrophy of the 
thymus. What are the causes of the deposition of fats in the liver by choline deficiency ? 

Many investigators described, that the deposition of fat in the liver occured on 
insufficient composition of lipid and cholesterin-ester in the serum. In the next place, 
Griffith and others included that the haemorrhagic degeneration was the result of a 
dietary deficiency of choline and of labile methyl supply, and betaine, like methionine, 
contributed to the labile methyl supply of the body and might have been substituted 
by choline. In regard to intraocular hemorrhage, at first Griffith said, it occurred in 
choline deficient rats with severe renal damage, secondly Christensen stated, that this 
intraocular hemorrhage occured mainly from the blood vessels of the ciliary body and 
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iris. Engel and Salmon reported, that the hemorrhage appeared as if originated in 
the ciliary vessels and spread into the posterior chamber. Moreover, Bellows and 
Chinn showed, that the most frequent form of hemorrhage was a column of blood in 
Cloquet’s canal; next in frequency was a hemorrhage apparently arising in the region 
of the ciliary body and shortly spreading beyond the crystalline lens. 

Besides, Burus and Hartroft confirmed that all the hemorrhages in 209 eyes arose 
from the hyaloid arterial system as its mechanism was rather due to diapedis than 
rhexis. Much of the evidence presented here has suggested, that the occurrence of 
intraocular hemorrhages in choline-deficient rats was characteristic, as the authors 
thought that retinal hemorrhages appeared to be that of exudative hemorrhage from 
the vein rather than rhexis. In general the vessels of the iris, ciliary body, retina 
and choroid congested and dilated, and the wall of the artery showed commencing 
sclerotic changes such as the edematous swelling, proliferation of the intima. In other 
words the authors presumed, that intraocular hemorrhages, that arose from the ciliary 
body were probably because of atherosclerosis. 


Summary 


The choline-deficiency experiment by Griffith and Wade (1935) on weanling rats 
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have been made on different kinds of animals up to now. The important symptoms 
are hemorrhagic degeneration of the kidney, fatty liver and atherosclerosis etc. 

In the acute form of the choline-deficiency experiments, which the authors made 
on rats, renal damage occurred, and especially in seven cases intraocular hemorrhage 
was found. These choline quantities of the liver and kidney decreased very much. 

It is believed the intraocular hemorrhage originated from the vessels in thr region 
of the ciliary body and spread into the posterior chamber forming the vitreous hemor. 
rhage. In case of the vitreous hemorrhage, exudative hemorrhage from the vein of retina 
was observed. Then it is proved also a hemorrhage and swelling occurred in the 
arterial wall, noticing also mucoid degeneration and proliferation of endothelial cells. 

Not any intraocular hemorrhage was seen in the chronic form of choline-deficiency 
but generally a dilatation of vessels and swelling of the ciliary processes and an 
engorgement of the vessels of the retina is noticed. Further sclerosis of the media of the 
aorta can be seen. In consequence, choline is one important factor in the existence of 


atherosclerosis. 


Fig. 2. Choline deficient infant rat born from the same deficient female 
rat, which was fed since 26 days after birth. 
Body-weight on the 14th day 20g. 
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Fig. 3. Voluminous hemorrhage into the anterior chamber of left eye. 
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ns Fig. 4. Hemorrhage at the area of ciliary body. 
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Fig. 5. Hemorrhage in the anterior and posterior chamber. x 200 


Fig. 6. Dilatation of the blood-vessel and hypertrophy of the 
vessel-wall in the iris. x 400 
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Fig. 7. Hemorrhage of the ciliary body. x400 


Fig. 8. Hemorrhage and swelling at the ciliary process. x900 


Fig, 9. Hypertrophy and proliferation of the endothelium of 
sclerotic blood-vessel. x 900 
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Fig. 10. Edematous swelling of the intima of blood-vessel 


near the optic nerve. x400 
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Fig. 11. Edematous swelling of the arterial wall in the sclerotic. x900 a 
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Fig. 12. Stasis in the blood-vessel of retina. x900 
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Fig. 13. Exudative hemorrhage from the blood-vessel of retina. 900 


Fig. 15. Sclerosis of the media of aorta. x200 
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. 16. Kidneys of rats fed on choline deficient diet, control, 
cereal from left to right. 


Fig. 17. Hemorrhagic degeneration of the kidney of choline 
deficient rat. 
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EXPERIMENTAL STUDIES ON OCULAR MANIFESTATION 
OF BIOTIN DEFICIENCY 


Kimiho IRINODA and Minoru ICHINOHE 
Department of Ophthalmology, School of Medicine, Hirosaki University, 
Sagaraché, Hirosaki 


Introduction 


The toxicity of large amounts of egg white as food constituent was observed by 
Bateman (1916) and was named ‘‘ Egg White Injury’’. Boas (1927), Gyérgy and many 
investigators have noted, that this disorder has an seborrhoic or eczematous dermatitis 
in rats for its chief symptom which is preventable with vitamin H. Gyérgy reported 
that vitamin H is identical with biotin, a yeast growth factor, and also with coenzyme 
R, a growth and respiration factor for many strains of the legume nodule organism 
Rhizobium. Snell and his co-worker have demonstrated, that the so-called white egg 
injury is due to an induced biotin deficiency caused by biotin-avidin complex which is 
the binding of the dietary biotin and a protein fraction of raw egg white ‘‘ avidin’’, 
thereby preventing the absorption of biotin from the intestinal tract. 

The reports of biotin deficiency in human are poor, but the significance of biotin 
in human nutrition was proved by the manifestation of dermatitis which had been 
induced by taking large amounts of white egg. On the other hand ocular manifesta- 
tion of biotin deficiency had been described by Nielsen and Elvehjem, they noted the 
** spectacled eye’’ in albino rats and reported an effectiveness of biotin for spectacled 
eye. Clinically Williams reported that biotin deficiency appearing in the human body 
caused conjunctivitis. 


Experimental Method 


The albino rats and Long-Evans strain hooded rats in a condition of chronic (1) 
and acute (2) biotin deficiency were used. For the purpose of acute biotin deficiency 
8 rats (3 albino rats and 5 hooded rats) and 38 rats of chronic biotin deficiency, (32 
albino rats and 6 hooded rats) and 4 control rats were divided. 

Diets. Synthetic diets were fed: 18% vitamin-free casein, 25% egg white, 5% 
cottonseed oil, 48% sucrose, and 4% salts (No. 4). Vitamin supplements, given one 
time daily, supplied per day : 0.4mg thiamine, 0.8 mg riboflavin, 0.4 mg pyridoxine, 4.0 
mg calcium pantothenate, 4.0mg niacin, 0.2mg folic acid, 100.0 mg choline, 20.0 mg 
inositol, 0.005mg Bi, 1.0mg menadione, 0.5mg vitamin P, 1500 i.u. vitamin A., 100 
iu. ergosterol and 1.0mg a-tocopherol. In addition, control rats received 0.01 mg 
biotin per day. 

Method of examination. The eyes of biotin deficient animals were examinated daily 
with the oblique illumination and ophthalmoscope, observing the appetite, the condition 
of stool, urinary dosis, movement and hair-condition. The organs (liver, lung, kidney, 
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spleen, skin) and eyeballs were fixed in 10 percent formalin, sectioned and stained 
with hematoxylin-eosin, Van Gieson’s-stain, Azan and Sudan III. The quantitative 
measurement of biotin content in the liver, kidney, blood, skin, heart and urine was 
made by Wright-Skeggs’s bioassay method. 


Results 


Chronic biotin deficiency of the rat. 

Generally albino rats (68-78 gr.) were caged separately receiving biotin-deficient 
diet. The first symptoms of biotin deficiency appeared in about three months. Namely 
dirtiness of hairs on the back and the neck. After about five months, the weight 
increased to 180 g., then the eyelid became congested and moistened, further the 
palpebral conjunctiva became congested, and on the surface of the cornea diffuse 
superficial corneal opacities appeared. After 200-220 days loss of the hair, the body- 
weight decreasing, in many animals alopecia on the back and neck were observed. In 
many biotin-deficient animals porphyrin on the face and head appeared. In the majority 
of deficient animals a decrease of body weight was observed gradually after 180 days. 
The loss of appetite, inactivity or in several animals gait-disturbance and emaciation 
were accompanied by peculiar dermatitis and alopecia of the neck, head, face and 
back were observed. 

As ocular manifestation of a biotin-deficient animal blepharodermatitis (so-called 
spectacled eye), blepharo-conjunctivitis and blepharitis marginalis were gradually observ- 
ed. These symptoms were a roughness, seborrhea, anemic atrophic appearance and 
loss of hair of the lidskin and lidmargin. In slightly deficient animals, blepharo- 
conjunctivitis, congestion and moisture of the eyelid and conjunctiva were found, but in 
congestion and moisture of the eyelid and conjunctiva were found, but in severe cases 
hemorrhagic crusts on the eyelid were found. In 2 cases corneal ulcer and in several cases 
thick parenchymatous corneal opacities with corneal vascularization appeared. In 
many animals superficial, diffuse thin opacities were found. Long-Evans strain hooded 
rats have had the same deficient symptoms as albino rats, especially the spectacled eye. 


Acute biotin deficiency. 

The weanling rats, which had been born from the female biotin-deficient rat were 
fed on biotin-deficient diet. All these rats died of rapid loss of appetite and emaciation 
after 20-23 days, deficiency symptoms as squamous dermatitis, and severe loss of 
hair on the head and back were found. As an ocular symptom, discharge and conges- 
tion of the eyelid and conjunctiva appeared. Eight Long-Evans strain hooded rats, 
which had been born from the female biotin-deficient rat, suffered from congenital 
cataract. 

Pathohistological findings. Pathohistological findings were as mentioned below, in 
chronic biotin deficient animals. In many deficient animals the eyelid skin was in a 
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desquamative condition, and the epithelium of the lidskin was markedly atrophic, 
degenerative and thin. In several animals the lidskin showed reversely proliferation 
of the epithelium. The corium of the lidskin showed slight congestion and edema in 
several animals. The cellular infiltration of the corium was small in some animals, 
but in many animals no cellular infiltration was found. The infiltration of the corium 
existed around the vessels and subepithelial space. Next, atrophic and degenerative 
thinness of the hair-follicle and hair-matrix of the lidskin and atrophic picture 
of the Meibomian gland were observed in many deficient rats. 

The conjunctiva was atrophic in many animals, but in one-third of the rats it was 
proliferative, and in several animals the coexistence of proliferation and atrophy were 
found. Congestion and edema of the conjunctiva also existed. The cornea showed 
atrophic degeneration of the epithelium in a half of the animals, reversely, prolifera- 
tion of the epithelium showed up in several of the animals. In the corneal parenchym 
of one animal a necrosis and cellular infiltration of a deep layer were found and in 
seven animals also were observed cellular infiltration and vascularization of the cornea. 

As above-mentioned, an ocular finding of biotin-deficient animals showed an atroph- 
ic degenerative change of the lid skin, conjunctiva and cornea in many animals. 
But other ocular tissue did not show a peculiar change except that a few cases showed 
a stasis and congestion of the retinal vessels. | 

Pathohistological findings of the skin and other organs were as follows. The skin 
of the buccal region and head showed atrophic degeneration and thinness of the epider- 
mis of the lidskin in many animals. The corium showed atrophic degeneration of the 
hair follicle and hair matrix and, few cell-infiltrations. In two animals congestion and 
edema in the corium were observed. The liver showed stasis in all animals, so that 
the liver cells showed cloudy swelling and degeneration of the protoplasma in severe 


Table 1. The Biotin Quantity in Urine in the Biotin-Deficient Animal 


skin | blood heart | kidney| 


liver 


No. 4 Chronic deficiency) 106 6.8 | 117 | 420 | 624 
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cases of the animals. The spleen and lung showed markedly stasis and congestion. 

The Quantitative Measurement of Biotin. The biotin quantity in urine in the biotin- 
deficient animal was as table 1. 

Before the experiment of biotin deficiency, daily total biotin in urine was 31-34 
my, at the tenth day biotin decreased 10-24 my, at the fourth week biotin decreased 
4-15 my, at the 8 th. week biotin decreased 9-14 my, at the 12 th. week biotin 6-8 my, 
at the 20 th. week biotin decreased 4-8 my. Biotin content of the inner organs was as 
in table. On biotin deficient animals the skin-biotin was an average 72.5 my, blood 
7.4 my, heart 77.2 my, kidney 336 my, and liver 488 my. The biotin content of the 
inner organs in the biotin deficient animals were about a half or one-third quantity, 
compared with that of the control animals. 


Discussion 


Nielsen and Elvehjem reported, that a biotin concentrate was specific for the pre- 
vention and cure of spectacled eye condition, but pantothenic acid did not prevent the 
onset of this condition. Further they noticed, that corn oil and pyridoxine or a 
combination of the two were without effect and inositol had neither a preventative 
nor a curative action under spectacle eye condition. The author observed chiefly 
blepharodermatitis (so-called spectacled eye), blepharitis angularis and blepharocon- 
junctivitis due to an induced biotin deficiency in albino rats and Long-Evans strain 
hooded rats. In several rats corneal opacities and corneal ulcer were noticed. These 
spectacled eyes were cured with injection of biotin. It was noticeable that the cataract 
was seen in the weanling Long-Evans strain rats which had been born from the female 
biotin deficient rats which were fed on biotin deficient diet in our experiment. 

On the other hand Sydenstricker and his co-worker reported the observations on 
the egg white injury in man, namely a maculosquamous dermatitis, a striking grayish 
pallor of the skin, ‘‘ geographic tongue’’ and fine branny desquamation. But ocular or 
genital lesions were not observed. 

In regard to histological examination of biotin deficiency Sullivan and Nicholls 
reported hyperkeratosis of the skin and dilatation of the orifices of hair follicles, 
resulting in a peculiar finger-like appearance of the epithelium and a little change of 
the underlying corium. The microscopic section of our experiment showed chiefly 
atrophy and degeneration of the epidermis of the lidskin. But in several animals 
proliferation of the epidermis was seen, so that after a long time of biotin deficiency 
atrophic thinness and degeneration was seen in our biotin deficiency experiment. In 
case of biotin quantity in urine and organs, a low rate of a half or one-third of the 
quantity in control animals was seen. This fact showed, that the experimental animals 
which were fed on biotin deficient diet were in a truely biotin deficient condition. 
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Summary 


The ocular manifestation in albino rats and Long-Evans strain hooded rats under 
the conditions of chronic and acute biotin deficiency were investigated. 

The external signs such as loss of hair, squamous dermatitis of the general body 
appeared after about 20 days in the acute biotin deficient ; and then dermatitis, alopecia 
of the face, head, back and hip were observed after more than 180 days in the chronic 
biotin deficient. 

Ocular manifestations were as follows: in 2 experiments blepharoconjunctivitis : in 
most of the animals of 2 experiments blepharodermatitis (so-called spectacled eye), 
blepharoconjunctivitis and blepharitis marginalis; superficial diffuse dermatitis, corneal 
opacity with corneal vascularization and corneal ulcer in a few animals were seen. 

Histological examination revealed desquamation, thinness, atrophy and degener- 
ation of the epidermis of the lidskin, atrophy and degeneration of the hair-matrix, 
hair follicle and Meibomian gland, little cellular infiltration in the corium. 

In a few animals proliferation of the epidermis in the skin was observed. 

As other changes in the inner organs, stasis and congestion of the liver, spleen 
and lung were seen. 

The measurement of biotin due to Wright-Skegg’s method, showed a low rate in 
the skin, blood, liver and kidney, and a marked decrease in the urine. 


Fig. 1. Excretion-rate of biotin in urine. 
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Fig. 2. So-called spectacled eye (dermatitis of the eyelid). 
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Fig. 5. Corneal ulcer. 


Fig. 6. Spectacled eye and facial dermatitis found in Long-Evans 
strain hooded rat. 


y Fig. 7. Hair-loss and squamous dermatitis found in the acute 
biotin deficient rat. 
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Fig. 8. Cataractous eye found in the infant rat. 


Fig. 10. Thickened epiderimis of the lidskin. x 490 
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Fig. 11. Atrophy and degeneration of the hair-follicle and 
hair-matrix of the lidskin. x 400 


Fig. 12. Atrophy of the Meibomian gland. x 100 


Fig. 13. Hypertrophy and celluiar infiltration of the epidermis 


of the corneal limbus. x 100 
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Fig. 14. Edema of the bulbar conjunctiva. x 400 


Fig. 15. Atrophy and vacuolar degeneration of the corneal epidermis, vascularization 
and cellular infiltration at the corneal stroma shown. x 400 


Fig. 16. Necrosis and celluar infiltration of the corneal stroma. x 100 
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Fig. 17. Stasis in the liver. x 400 
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EXPERIMENTAL MELANIN FORMATION IN LIVING BODIES 
I. ON INFLUENCES OF ENDOCRINE AND SEXUAL GLANDS 
AND THEIR HORMONES 


Sin-iti SIMIDU, Masae SAKAI, Tsutomu KOIKE, 
Keinosuke FUNASAKA and Yoshiko ITAZU 
Department of Ophthalmology, Gifu Prefectural Medical School 
40, Tsukasacho, Gifu-city 


Introduction 


It is well known that melanin is formed by the oxidation and condensation of 
tyrosine, initiated by the enzyme tyrosinase, but the mechanism of its formation and 
exact chemical structure are as yet uncertain. 

Since 1958 the chemical structure of melanin has been studied by Sakai, one of 
the present authors, and four substances were obtained from melanin (Mn) which was 
extracted from the human hair through hydrolysis by sulfuric acid as described by 
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Mizuno, Laxer, Filson and Hope, that is, Mn-l is an ether insoluble component of Mn; 
Mc-1 an ether soluble component of Mn; Mc-2 a butanol soluble component of Mn-1; 
and Mc-O remains after Mc-1 and Mc-2 are eliminated from Mn. Mc-l and Mc-2, 
fluorescent substances, have never been obtained from Mn so far, and it was revealed 
by physical and chemical tests that Mc-1 was lignoceric methyl ester and the greater 
part of Mc-2 was arachidic amide. He, moreover, synthetized a black substance (SM) 
from DOPA, copper sulfate and ammonia by photosynthesis, using ultraviolet ray as 
shown by Arman and Yoshikawa, and injected SM into the anterior chamber of rabbit’s 
eye alone or mixed with Mc-l and Mc-2, and the clinical and histological findings 
were compared with those made by injection of Mn. Those substances injected remain- 
ed in the iris tissue of the rabbit for more than one month. 
Then the influence of the pituitary adrenal system, thyroid, sexual glands and 
their hormones upon the extent of deposition of those substances in the iris tissue of 
albino mature rabbits have been studied by the authors. In the present series of ex- 
periments, melanin formation in the body and the influence of endocrine and sexual 
glands and their hormones upon the formation of melanin are mainly evaluated. 


Materials 


Rabbits were used. 

One hundred and forty eight mature albino rabbits, of which male and female 
were kept separately, served for our experiments during the estrus, pregnant and 
lactating period. 

The substance used for injection. 

Mn, Mn-1, Mc-0, Mc-1, Mc-2 and SM as mentioned above were injected subcutane- 
ously and into the anterior chamber of rabbit alone or mixed at different intervals 
after various preliminary treaments, India ink being used as a control. 


Methods 


On the influence of endocrine glands and their hormones. 

Fifty four normal rabbits, male and female, were divided into twelve groups. The 
first group consisted of six normal animals, 3 each male and female. On one of each 
male and female, SM was injected into the anterior chamber of the right eye, SM+ 
Mc-2 into the left eye. On the second one of each sex, Mc-0 into the right, Mn 
into the left eye. And on the third one of each sex, India ink into the right eye, the 
left serving for control, simultaneously the same injections were made into the skin of 
the back on the same side. The injection of the substances and India ink was perform- 
ed in the same manner on the following groups. The second group consisted of 5 
animals, 3 male and 2 female, which had received the removal of the adrenal glands 
on the day prior to the injecition into the eye. The third group was composed of 
4 animals, 2 each of male and female, which were subjected to the removal of the 
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adrenal glands one week before the injection. The fourth group consisted of 4 
animals,2 each of male and female, which had had the adrenal glands removed one 
month before the injection into the eye. The fifth group consisted of 4 animals, 2 each 
of male and female, which had received the removal on the day prior to the injection 
into the eye and afterwards were given 0.1 cc of 0.1% adrenalin daily for one week. 
The sixth group was composed of 4 animals, 2 each of male and female, which were 
subjected to the adrenal gland removal and received 0.1 cc of 0.1% adrenalin daily for 
one week before receiving the injection. The seventh group consisted of 5 animals, 3 
male and 2 female, which had received 0.5cc (4 IU) of ACTH daily for three days 
before the injection. The eighth group consisted of 5 animals, 3 male and 2 female, 
which had been given 2 milligrams of predonisolone daily for three days before receiving 
the injection. The ninth group was comosed of 4 animals, 2 each of male and female, 
which had been given 0.lcc of 0.1% adrenalin daily for one week before the injection. 
The tenth group consisted of 5 animals, 3 male and 2 female, which had received the 
extirpation of the thyroid gland on the day prior to the injection into the eye. The 
eleventh group was composed of 4 animals, 2 each of male and female, which had been 
given 500 MSE of Pretiron (an anterior pituitary thyroidotropic hormone) daily for 
four days before receiving the injection. 

On the influence of various sexual glands and their hormones. 

Ninety-four normal rabbits, male and female, were divided into nineteen groups. 
The first group consisted of 6 normal male animals, and served as a control. 

The substance for injection into the anterior chamber of the animal eye were as 
follows. 

No. 1 received SM into the right eye and SM+Mc-2 into the left. 

No. 2 received SM into the right and SM+Mc-1 into the left. 

No. 3 received Mc-0 into the right and Mn into the left. 

No. 4 received Mn-1 into the right and Mn into the left. 

No. 5 and No. 6 received India ink into the right, but the left was not injected, 
serving as a control. 

Simultaneously the substances were injected into the skin of the back on the 
same side and the procedure was performed in the same manner in the following 
groups. 

The second group was composed of 6 male animals which had received castration 
of the testicles on the day prior to the injection into the eye. The third group consisted 
of 6 male animals which were subjected to castration one week before the injection. 
The fourth group was composed of 9 male animals which had been given 20 milligra- 
ms of Testoviron Depot (a testosterone) one week before receiving the injection. The 
fifth group was composed of 6 normal female animals and received the same injections 
as the male control group. The sixth group consisted of 6 female animals which had 
received castration of the ovaria on the day prior to injection into the eye. The seventh 
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group consisted of 6 female animals which had been castrated one week before 
the injection. The eighth group consisted of 6 female animals which had received 2 
milligrams of Progynon Depot (a follicular hormone) one week before the injection. The 
ninth group was composed of 9 animals which had received 20 milligrams of Proluton 
Depot (a corpus luteum hormone) one week before the injection. The tenth group 
consisted of 4 normal male animals which had been implanted with the ovaria one 
week before the injecition. The eleventh group consisted of 4 male animals which were 
castrated two weeks before and implanted with the ovaria one week before the injec- 
tion respectively. The twelfth group was composed of 4 male animals which had been 
given 2 milligrams of Progynon Depot one week before the injection. The thirteenth 
group consisted of 4 male animals which were castrated two weeks before and re 
ceived 2 milligrams of Progynon Depot one week before the injection respectively. The 
fourteenth group was composed of 4 male animals which had been given 20 milligrams of 
Proluton Depot one week before the injection. The fifteenth group consisted of 4 male 
animals which were castrated two week before and received 20 milligrams of Proluton 
Depot one week before the injection respectively. The sixteenth group was compos- 
ed of 4 female animals which had been implanted with the testicles one week defore 
the injection. The seventeenth group consisted of 4 female animals which were castrat- 
ed two weeks before and implanted with the testicles one week before the injec- 
tion respectively. The eighteenth group was composed of 4 female animals which had 
been given 20 milligrams of Testoviron Depot one week before the injection. The nine- 
teenth group consisted of 4 female animals which were castrated two weeks before and 
received 20 milligrams of Testoviron Depot one week before the injection respectively. 

After the injection of the substances and India ink into the anterior chamber of 
rabbits, the animals were observed clinically for varying periods of one week to one 
month. Then the eye ball and the injected part of the skin were removed from the 
animals, and investigated histologically. Electron microscopic observation was per- 
formed on the iris of three male rabbits, one of which had received extirpation of 
the adrenals on the day prior to the injection of Mn into the anterior chamber of the 
eye and been subjected to enucleation of the eye ball on the fourth day after, the 
second one of which had been given 20 milligrams of Testoviron Depot one week 
before the injection of Mn and Mc-0 into each eye and after one week the eyeballs 
were enucleated, and the third one of which had been given 20 milligrams of Tersto- 
viron Depot two weeks before the injection of SM+Mc-1 and after two weeks the eye 
balls were enucleated. 


Results 


There was a considerable difference in the extent of deposition between the vari- 
ous groups or in the degree of deposition between the substances injected into the ante- 
rior chamber of animals, but it was hardly possible to find any difference, when the 
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substances or India ink was injected subcutaneously and when the latter was injected 
into the anterior chamber. 

In the untreated male the substances were deposited markedly in the iris tissue 
as small colored particles, but in the untreated female no substances were deposited. 
These observations revealed that the degree of deposition in the iris tissue was varied 
with the influence of sexual glands and that there was a significant difference in the man- 
ner of deposition between the iris and the skin or between the substances and India ink. 

The deposition in the iris tissue was found most abundantly in the group which 
received adrenalin, followed by the group which received adrenalin after the removal 
of the adrenal glands, and then by the group subjected only to the removal of these 
glands. It was more deposited in those above groups, but less in the group which 
received ACTH or predonisolone, than in the untreated male, though it was much 
more in the untreated female. These experiments showed, that the amount of deposi- 
tion was increased by adrenalin administration and the removal of the adrenal glands, 
and that it was decreased by ACTH and predonisolone administration compared with 
untreated animals. 

The deposition in the iris tissue was observed remarkably in the group subjected 
to the extirpation of the thyroid gland, and it was poor in the group given an anterior pitu- 
itary thyroidotropic hormone, compared with that of the untreated male, that is, the 
extent of deposition was varied with the influence of the thyroid gland. In our ex- 
periments on influence of the pituitary adrenal system and thyroid gland, we could 
find no noticeable difference in the degree of deposition between the pretreated 
male and female, though it developed markedly as time passed, when Mn and Mc-0 
were injected or after the removal of the thyroid gland. 

The extent of deposition in the iris of the untreated male rabbits had no relation- 
ship with the stadium of castration, but it became remarkable in the state of hyper- 
function due to the use of a male hormone. In the two female groups, just castrated 
or given Progynon Depot respectively, the deposition in the iris tissue was hardly 
differentiated from that of the untreated female, but it was slightly observed in the 


group lapsing for more than one week after castration, and, moreover, markedly found 


in the group which received Proluton Depot. 

Transplantation of the ovaria or use of a follicular hormone to the untreated 
male rabbits had almost no effect on the deposition in the iris, but the deposition was 
favourable compared with the untreated male, when a corpus luteum hormone was given. 
On the castrated male the transplantation of the ovaria did not produceany pigmenta- 
tion, but the use of a follicular or corpus luteum hormone made the amount of dep- 
osition more abundant compared with that of the untreated male, especially by the 
latter hormone. On the female, when the testicles were implanted in the normal 
animal. There was hardly any deposition, though it became remarkable, when a testicle 
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hormone was used as with the castrated female receiving the testicles or testicle 
hormone. 

Of the substances used for injection, in general, Mn showed the best deposition in 
the iris tissue followed by Mn-1, Mc-0, SM+Mc-1 and SM+Mc-2, and then SM in 
every case. However we found the iris angle and ciliary body to assume a different 
attitude toward the deposition in the iris. There were some animals which showed 
little reactive change in the iris tissue, when injected. 

It was clarified with electron microscope that Mn, Mc-0, and SM+Mc-1 were surely 
deposited as black particles with a diameter from 0.1 to 1.0 micron in the protoplasm 
of the iris cell which showed less evidence of cellular change. 

In the skin, regardless of the previous conditions of the animals and the kind of 
the materials injected into the anterior chamber, the degree of deposition was quite 
the same as when India ink was injected subcutaneously or into the anterior chamber. 


Discussion and Summary 


The variation of the extent of pigmentation among human beings is mainly due to 
a difference in the amount of melanin which is possessed by all normal humans and 
further there are local increases under the influences of various normal and patholog- 
ical changes. 

The extent of pigmentation on the conjunctiva of the patient suffering from kerato- 
malacia has been studied by Mori followed by Pillat and Matsuoka. They showed, that 
a degree of pigmentation in this type of patient is accompanied by an increase of 
melanin in the conjunctiva and it may be associated with production of melanin. Then 
the extent of pigmentation on the limbus conjunctivae subjected to injury in black 
rabbits has been investigated by Umetani (1927), Winkle (1928), Léhlein (1929) and 
Tomii. They showed that a degree of pigmentation in this animal was related to an 
increase of melanin owing to migration of melanin from the surrounding tissue. Thus 
previous experiments on the increase of melanin in humans and pigmented animals 
indicated, that melanin could be increased by migration or production. 

In the present series of experiments, we have dealt only with albino rabbits in 
which thyrosinase is lacking and melanin is completely absent from the usual situations, 
in order to exclude both migration and production of melanin. Indeed, in the iris 
tissue of albino rabbits we tested DOPA reaction by the method of Laidlaw and 
Blackberg, and peroxidase reaction by that of Keiblich-Fischel, obtaining negative 
results in both. Then as the activation of animals would be expected by endocrine 
glands and their hormones, especially sexual ones, all of the anitnals which were used 
for the series of our experiments were mature rabbits during the prating, pregnant 
and suckling period. 

Though the previous studies dealt with the conjunctiva and skin of humans or 
rabbits, the present study dealt with the anterior chamber of animals for the purpose 
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of preventing the production of lesions in the tissues. 

The chemical structure of melanin was studied by Stein and Bolliger. They 
obtained many substances from melanin granules and human hairs. We also extracted 
five chemical substances, that is, Mn, Mn-l, Mc-O, Mc-1 and Mc-2 from the tissue 
having melanin such as hair and uvea. All were obtained from Mn by our own 
methods excepting Mn. The chemical structure of Mc-1 and greater part of Mc-2 was 
explained by us previously as mentioned. 

The use of those substances and SM into the anterior chambers of animals’ eyes 
is the basis in our observations. We observed the injected substances which had 
been deposited in the iris tissues for more than one month. 

As our experiments were primarily designed to elucidate the mechanism of melanin 
formation in the body, the influence of three systems (pituitary-adrenal, thyroid and 
sexual) upon the amount of deposition was successively evaluated. 

The influence of adrenalin on the amount of melanin in black rabbits has been 
studied by Liéwenstein, Tomii and Matsuoka. They showed that the amount of melanin 
in the conjunctiva of animal was increased by local use. Abe has observed, that the 
external coloring of birds was decreased by the use of the thyroid gland and its 
hormone, though leucoderma vulgare accompanied by hyperfunction of the thyroid has 
been often observed clinically. 

There was also an increase in the deposition in the iris of the animals by adrenalin 
and the removal of the adrenal and thyroid glands, and a decrease by an anterior 
pituitary thyroidotropic hormone, predonisolone and ACTH compared with that in the 
untreated animal. The mechanism of action with those preliminary treatments is 
obscure. These findings may be explained by reference to the studies made by Lerner 
et Shizume (1954) and Sulman (1952) on animals with ACTH and predonisolone 
administration as follows: Melanophore stimulating hormones and vegetative nerve 
might be an effective means for producing or preventing the deposition in the iris. 
There was a little difference in the degree of deposition between the pretreated male 
and female, but it was rather much higher on the male. 

It has been well known that the extent of pigmentation in the skin has in some 
degree a connection with pregnancy and menstruation. Fitzpatrick showed that the 
extent of pigmentation in the skin is increased by a male hormone, and Nishioka 
recognized an increase of melanophore stimulating hormones in the urine of pregnant 
women. 


In our experiments, also, untreated male and female groups of the animals re- 
vealed, that the degree of deposition in the iris was far more on the male than the 
female, and on the animals which had received the preliminary treatment with sexual 
glands and their hormones it was observed that the degree was increased by receiving 
the testicles, a male hormone or a corpus luteum hormone and decreased by receiving 
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the ovaria or a follicular hormone. This observation indicates that the sexual glands 
and their hormones play a role in the deposition in the iris. The manner of action 


b with them is uncertain. This finding suggests that the results correspond to the general 

ue rule, i.e. no decrease of the external coloring during the life of a man but a decrease 

mn in the prime of womanhood. 

as In the present series of experiments, the degree of deposition in the iris of rabbits 
varied respectively according to the substances injected into the anterior chamber of 

es the eye of the rabbit, but without significant clinical signs. Generally speaking Mn 

id was most abundant, followed by Mn-1, Mc-0, SM+Mc-1, SM+Mc-2 and SM. 

These experiments were performed, with the similar results to those obtained with 
in injecting of the India ink, but with electron microscope the substances which were 
d found in the iris tissues of these animals, were surely deposited in the proteplasm of 

the iris cell without any marked change. There were some animals on which the 
n deposition was observed in the ciliary body and iris angle, but the degree was not 
n always parallel to that of the iris. When the substances were injected into the skin 
e of the rabbits it resulted in a staining without any response to the preliminary 
s treatment just as with animals receiving India ink into the skin and anterior chamber. 
8 Those observations showed, that the substances used for injection were completely 

different from India ink, a foreign body itself, and that each of the substances had 
. a peculiarity, and that Mn, Mn-1 and Mc-0 were more similar to melanin itself than 
r SM, and that Mc-1 and Mc-2 caused in part to increase the deposition of Mn-1, Mc-0 
e and SM in the iris of the rabbit. From the results we found, that the most important 
: thing is, that our experiments are only successful when the substance is utilized 
. in connection with the anterior chamber of the eye of the rabbits. 


Whatever the mechanisms by which pituitary-adrenal, thyroid and sexual systems 
influenced the deposition of pigment in the iris tissue, the fact remains that it did so 
and it corresponded to the performance in experiments by our seniors and to our 
experience. The authors should like to emphasize that it is most important for us to 
investigate melanin formation in the living body, because the problems mentioned above 
have been proved by us from a different point of view from Raper’s (1927) and 
Lerner’s views (1953). 


Conclusion 


A number of substances were extracted from so-called melanin, and the chemical 
structure in two of them was explained chemically and physically. 

The influences of endocrine and sexual glands and their hormones upon the deposi- 
tion of the substances in the iris tissue of mature albino rabbits were studied. It was 
found, that the substances were not only a foreign body but also more similar to 
melanin itself, that the degree of deposition of the substances in which Mc-1 and Mc-2 
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Photo. 1. 6. A normal rabbit. SM in the skin 
one month after the injection. 10x 40 
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Photo. 3. 4. Anormal rabbit. SM+Mc-2 in the 
iris one monthafter the injection. 10x20 


Photo. 5. 4. Two weeks after the removal of 
the adrenal glands on the day peiorto ad- 


renalin injection. 
S+M Mc-2 in the iris one week after the 


injection. 10x40 
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Photo. 2. 6. A normal rabbit. SM+Mc-1 in the 
iris one month after the injection. 10 x 20 


Photo. 4. 6. A normal rabbit. SM in the iris 
one month after the injection. 10x90 


Photo. 6. 9%. One week after the removal of 


the adrenal glands. 
Mn in the iris one week after the injec- 


tion. 
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Photo. 7. week after the adrenalin 
injection. 
Mc-O in the iris one week after the injection. 


Phoot. 9. 4. One week after the injection of 
ACTH. 
Mc-O in the iris one week after the in- 


Photo. 11. 6. One week after extirpation of 
the thyroid gland. 
Mn in the iris one week after the injec- 
tion. 10x 40 
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Photo. 8. ?. One week after the injection of 
ACTH. 
SM in the iris one week after the injection. 


Photo. 10. 6. One week after the injection of 
Pretiron. 
Mn in the iris one week after the injection. 


10x40 


Photo. 12. 6. The day after castration. 
Mn in the iris two weeks after the in- 
jection. 10x 20 
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Photo. 13. 8. One week after castration. 
Mn-1 in the iris two weeks after the in- 
jection. 10x 20 


Photo. 15. &.One week after castration on 
the day prior to transplantation of ovaria. 
Mn-1 in the iris two weeks after the in- 
jection. 10x 20 


Photo. 17. 4. One week after the injection of 
Progynon Depot. 
Mn in the iris two weeks after the in- 
jection. 10x 40 


Photo. 14. 4. The day after castration. 
SM+Mc-1 in the iris two weeks after the 
injection. 10x 40 


Photo. 16. &.One week after castration on 
the day prior to injection of Progynon Depot. 
Mn-1 in the iris two weeks after the in- 
jection. 10x20 


Photo. 18. ?.One week after castration. 
Mc-O in the iris one week after the in- 


jection. 10x40 
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Photo. 19. 9%. One week after castration. Photo. 20. 6. One week after castration on the 

: +o va day prior to injection of Testoviron Depot. 

in: the: tee: Mn-1 in the iris two weeks after the in- 


jection. 10 x 20 jection. 10x20 


Photo. 21. 3. A normal rabbit. Mn in the iris Photo. 22. 46. A normal rabbit. 


" all cat Mc-o in the iris one month after the in- 
one month after the injection. x 9000 jection. x 10200 


Photo. 23. 4.A normal rabbit. 
SM+Mc-1 in the iris one month after the 
injection. x 4200 


Photo. 24. 6. A normal rabbit. 
SM-+Mc-2 in the iris one month after the 
injection. x 9600 
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were important factors for the deposition varied with the influence of the endocrine 
and sexual glands and their hormones, and that the deposition was observed as small 
black particles in the iris cell by electron microscope. 
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A HISTOPATHOLOGICAL STUDY ON BECET’S DISEASE 
Shin-ichi SHIKANO 


Coworkers H. Ujihara, T. Kato, S. Omoto, T. Furusawa, S. Toyama 
T. Iwamoto, H. Ooba, T. Miyashita, T. Suda, Y. Yamagami 
Department of Ophthalmology, School of Medicine, University of Tokyo 
Hongo, Tokyo 


The etiology of Behget’s disease has not been clarified yet. Behget’’ stated in his 
first report, that it would be viral infection, finding inclusion bodies in the smears of 
oral aphtha and genital ulcer. Sezer?) and Evans*) believed also the disease was a 
viral infection although the etiological viral particles were different. 

On the other hand, the theory of staphylococcal infection and allergy has been 
insisted on by many people, such as Weve), Woods®), Weekers and Riginster®) etc’)~®). 
The problem seems not to be settled easily. 

' The author has carried out histomorphological investigations on this problem. 
Fourteen eye balls were examined microscopically, but only two belonged to the rela- 
tively earlier stage and all the others to the later stage. As it is clinically impossible 
to collect eye balls at every stage of each inflammatory attack during the course of 
Behget’s disease, skin lesions of various types, especially of the erythema nodosum 
type, were bioptically examined following each stage of the course. 

Thus, the purpose of this report is to answer the questions as follows: Are there 
some common fundamental changes in the course of skin lesions, oral aphthous lesions 
or genital ulcers? And, if there are, can those changes be related well with the 
intraocular changes? 
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Materials 


The number of materials bioptically examined was shown as Table 1. 


Table 1. 


1. skin lesion of erythema nodosum ag) te 
2. cordlike subcutaneous induration similar to thromboangitis obliterans---------- 6 cases 
3. purulent eruption 2 cases 
4. oral aphthous (0) - 7 cases 


All patients have complained of the cardinal symptoms of Behget’s disease, namely 
recurrent uveitis with hypopyon, oral aphthous lesion, genital ulcer and various 
cutaneous lesions. The age of the patients is between 15~45 years. 


Results of Biotic Examination 


Skin lesion of erythema nodosum type. 

Three or four hours after the first finding of the lesion, mesenchymal cells (small 
round cells) appeared around the small vessels in the corium and the subcutaneous 
fat tissue. Hemorrhage, congestion of vessels and subepidermal edema at the papilla 
were observed. These mild exudative changes spread diffusely over the specimen 
without centering. It must be emphasized at this stage that violent fibrinoid degenera- 
tions and necrosis of collagen fibers were observed in the septum of the subcutaneous 
fat tissue as well as in the deeper dermis. Collagen fibers were dissolved and formed 
fibrinoid substances, spreading into spaces between the connective tissues which had 
not been dissolved, closely resembling to ‘‘ the fat in a sirloin steak ’’. 

This dissolution of the collagen fibers was very remarkable in contrast with the 
scanty appearances of the cells, so it would be possible to regard this as a characteri- 
stic phenomenon in the earlier stage of this lesion. 

However, various changes followed twentyfour hours later. Mononuclear cells in 
the corium increased. An acute inflammatory infiltration appeared intensly and 
developed to an abscess mixed with erythrocytes in the subcutaneous fat tissue as 
well as in the deeper layers of the corium. 

Also wandering of the leucocytes into the fibrinoid substances of dissolved collagen 
fibers became more apparent. As to the vessels, there were commonly exudative 
changes such as loosenings and edema of the vascular wall and irregularities and 
disappearances of the endothelium. On the other hand, productive reaction such as 
abnormal proliferations of the endothel cells and obliterations were also found. In 
addition, fibrinoid degenerations and necrotic changes of the wall were sometime 
observed. 

Forty-eight hours later, leucocytes, too, appeared around the vessels in the corium 
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and infiltrations of the fat tissue increased still more. Exudative changes became 
more violent with forming of fine fibrin nets. The connective tissues of the corium 
were aifected dispersely by fibrinoid degenerative changes, being stained easily in red 
by Mallory’s azan method. 

As a whole, these inflammatory reactions may be regarded as severe paniculitis 
from the findings, such as massive injiltration of leucocytes, violent fibrin precipitation 
from the exudate and hemorrhage. It continued until the 7th day and relatively 
quickly repaired, finally forming scarification. 

No micro-organism was able to be found in any preperations. 

Reparatory reactions became apparent at about the 5th day. Little round cells, 
fibroblasts appeared, and histiocytes and epitheloid cells, which formed sometimes 
polynuclear giant cells, took rapidly the place of the leucocytes. 

About 10 days after, the tissue was full of new collagen fibers, proliferating diffusely 
into the walls of vessels, interstitial spaces of collagen bundles of the corium and also 
subcutaneous fat tissue. The sweat glands, sebaceous glands and nerves were surround. 
ed by these new collagen fibers, but not affected. 

Thromboangitis obliterans. 

Inflammations of relatively larger vessels continued also some 7 days and then 
subsided, being penetrated by abundant fine collagen fibers. Fibrinoid degenerations 
of collagen fibers were found dispersely in the walls. Proliferation of endothel cells 
into the thrombus, hypertrophy of the intima and loosening of musclebundles were 
also observed, similarly to those changes of small vessels in nodular erythema. In 
all 6 specimens, cell infiltrations were diffuse without centering, except a little aggre- 
gation of lymphocytes and monocytes at the outside of the wall in one case. The 
tissus around the vessels showed quite similar reactions to those in nodural erythema. 
Judging from the continuous reactions in and outside of the wall it seems that the 
thromboangitis obliterans occurs, when larger vessels are involved by the inflammation 
of nodular erythema. 

Musclebundles in the infiltrated vascular wall were separated from each other, in 


Fig. 1. Skin lesion of the erythema nodosum type. 10th day. 
Necrosis and fibrinoid-dissolving of collagen fibers in the deeper layer of the cortium. Dense 
amorphous substance and wandering cells have been already absorbed. (stained by Mallory’s 
azan method) 

Fig. 2. ditto. Septum of the subcutaneous fat tissue. A few hours after the first finding of the 
lesion. Penetration of fibrinoid substances into the undissolved connective tissus like ‘‘ the fat 
in a sirloin steak ’’. (Mallory’s azan method) 

Fig. 3. ditto. 4th day. Fibrin-like substances and disappearing of collagen fibers in the deeper 
layer of the corium. (Mallory’s azan method) 

Fig. 4. Epididymitis. Dense amorphous substances flooding the spaces of the connective tissue 
between ductus epididymis. Erythrocytes and a few small round cells. (Haematoxylin-eosin) 

Fig. 5. ditto. Separated collagen fibers showing increased affinity to silver, disintegrating into 
fine granula and finally disappearing. (Silver inpregnation method) 
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Eyeballs of a late stage showing the interior. 
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Fig. 6. Erythema nodosum type skin lesi- Fig. 7. Purulent eruption. 2nd day. Remark- 
on. 7th day. Necrosis of the vessel in able edema of the wall of the vessel in 
the border part between corium and fat 


subcutaneous fat tissue. (Mallory’s 
azan method) tissue. (Mallory’s azan method) 


Fig. 8. Erythema nodosum type skin lesi- Fig. 9. Thromboangitis obliterans. 7th 
on. 10th day. Proliferation of endothel day. Scarification of the vessel in circu- 
cellsand the intima of the blood vessel. lar order and erytaema nodosum type 
(Van-Giesson-elastica) lesion surrounding the vessel. 


the beginning by edema and in later stages by proliferations of collagen fibers. The 
muscle fiber itself, however, was almost undamaged in those processes. 
Purulent eruptions. 

In the purulent eruptions which occurred in a relatively shallower layer of the 
corium, the connective tissue was severely destroyed and dissolved into an amorphous 
mass, being phagocytized by neutrophilic leucocytes, and finally disappeared. On the 
other hand, sebaceous glands, hair follicles, smooth muscles, sweat glands and nerves 
had been scarcely affected with these inflammatory reactions. There was no leucocy- 
tocrasy and no bacteria, but fairly numerous eosinophilic leucocytes were found. 
Vessels in the deeper layer of the corium and in the subcutaneous fat tissue were 
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Fig. 10. Aphthous ulcer of the lip. 3rd Fig. 11. Fibrinoid necrosis of collagen 
day. Fibrinoid degeneration of collagen fibers in connective tissue between duc- 


fibers in connective tissue stained red 3 
(dark in photo) with Mallory’s azan tus epididymis in spite of scanty emigra- 
staining. tion of cells. (Haematoxylin-eosin) 


Fig. 12. Genital ulcer. 7th day. Fibrinoid Fig. 13. Fibrinoid necrosis of a blood ves- 
degeneration of collagen fibers (stained sel under the bottom of the ulcer at 
in red) (dark in photo) between mus- the scrotum. 5th day. (Mallory’s 
cies of tunica dartus. Muscle bundels 
are scarcely damaged. (Mallory’s ; 
azan staining) 


also damaged from either exudative, proliferative or necrotic changes. 
Genital ulcer. 

No micro-organism was found on all the surface of ulcers and in the underlying 
infiltrated tissue. There were. severe degenerative changes in the connective tissue 
between musclebundles of tunica Datoni, but the wandering cells were scanty. Colla- 
gen fibers were stained in red with Mallory’s azan method, swelling like an earthworm. 
Later they dissolved into a coarse net or an amorphous mass. The muscle bundle 
itself, however, kept its structure until ulcers reached it. Small vessels were also 
affected from the degenerating process. 

In the female, the histological pictures of ulcers of the labium minus and the 
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Fig, 14. Retina during a rest-period of 
an ealier stage. Visual cells disappeared 
due to exudative inflammation from the 
choroid. (Haematoxylin-eosin) 


Fig. 16. Retina in a late stage. It is com- 


Fig. 15. Retina as before. Visual elements 
are disappearing and tlie retina as a 
whole is remarkably spongy. 
(Haematoxylin-eosin) 


Fig. 17. Ossification in the new intrao- 


posed of only degenerated glia fibers 
including vessels sporadically and wrap- 
ped up by retrolental thick connective 
tissue. (Mallory’s azan method) 


cular connective tissue. 


vagina were of the same kind, showing at later stage abundant new fine collagen 
fibers. As the degenerations of collagen fibers were visible even in fairly deeper layer, 
it may be readily understood that the ulcer can not be easily cured, and sometime 
perforates the labium minus. 

Oral aphthous lesion. 

Not any differences between ulcers of the lip, the tongue and the buccal membrane 
could be found by histological examinations. Surrounding the ulcer, round cells or 
leucocytes, according to its stage, massively and diffusely infiltrated without centering 
in any of these organs. Fibrinoid, necrotic degenerations of collagen fibers were also 
observed in the deeper layer under the ulcer. The vascular changes were also dege- 
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Fig. 18. Angitis necroticans in the retina Fig. 19. Necrotized wall of the vessel in the 


during inflammatory attack in a later retina. (Haematoxylin-eosin) 
stage. (Silver impregnation method) 


Fig. 20. Thickened fibrous wall of the Fig. 21.  ‘‘ Onion-skin ’’-like-scarification 
blood vessel in the retina of fig. 16. in the wall of the central vessels of the 
(Mallory’s azan method) retina. 


nerative and necrotic. So the nature of these inflammations in the oral cavity appeared 
to be the same kind as those of the skin lesions. 
Epididymatis. 

Forty two years old male who had been suffered from typical Behcet’s disease 
with the trias, complained since a few days redness, swelling and pain in epididymis. 
Doubted to be of tuberculous nature, it was exstirpated, but, histologically no tuber- 
culous pictures were found. Ductus epididymis was dilated and blood vessels in the 
septum were congested at the tail, and little hemorrhages were found at the head. 
The endothelium of vessels at the tail were irregularily loosened and the walls of 
them were swollen. Mild infiltrations around them consisted of mainly small round 
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Fig. 22. Nervus opticus of the completely Fig. 23. Fibrinoid degeneration of vessels — 
detached retina. and connective tissues in the septa of 
the optic nerve. Spreading of fibrin into 
the atrophied nervebundles. 
(Phospho-tungsten acid-haematoxylin) 


cells. In the spongy, dispersed connective tissue of septum between the ductuli 
epididymis, amorphous substance like lava was observed which was stained in red 
with hematoxylin-eosin or Mallory’s azan staining, enclosing collagen bundles like 
islands. The collagen fibers in the locality dissolved, as shown by silver impregna- 
tion method, with increased affinity to silver, gradually separating each other, loosening 
into fine fibers and finally dissappearing. 
Arthritis. 

In the preparations of the mucous membran of the inflamed knee joint, similar 
swelling of submucous connective tissues and degenerative collagen fibers were found. 


According to the definition of collagen disease, it is reasonable in it that fibrinoid. 
degenerations of collagen fibers are found disseminatedly in various organs of the body 
and each reaction is limited in each locality. Inflammations of Behcet’s disease attack. 
Clinically various organs independently. Furthermore, as stated above, all of them 
excluding eyeballs have been revealed by bioptic examinations to have typical fibrinoid 
degenerations of collagen fibers. Vascular changes also showed pictures of similar to 
acute degeneration. No micro-organism was found from ulcers. These facts suggest, 
that the disease is caused by endogenous factors. Thus, Behcet’s disease, with 
these systemic reactions in various organs of the body except eyeballs is considered 
to belong to collagen disease. In addition, as one of collagen diseases, Behcet’s disease. 
has its own characteristics as follows: 

1) Its reaction occurs diffusely without centering, attacking local collagen fibers. 
and blood vessels. Basicaly muscles, nerves, glands are intact. 

2) Its reactions are quite temporary, being very exudative at the beginning and 
proliferative with abundant new collagen fibers at the end. 
Eye-ball. 
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Recurrent hypopyon iritis is one of the trias of Behcet’s disease, but choroiditis, 
retinitis or perivasculitis of the retina has been also frequently observed in this diseae. 
Iritis cum hypopyon is so severe but only temporary, that the histological pre. 
parations of the eye balls give very various impressions according to its stage, namely 
in some cases severe inflammation with full of leucocytes is seen, but in other cases 
only edema is observed. As already stated, it is clinically immpossible to collect eye 
balls of Behcet’s disease in each stage of the inflammations. So there is no other way 
but to observe, whether the extraocular changes are related closely with intraocular 
changes or not. 

Fourteen eyeballs were collected, of which two belonged to a relative earlier stage 
and the other toa later. It was possible to see macroscopically the funnel-shaped total 
detachment of the retina, which was surrounded and compressed to the lens by thick- 
ly organized connective tissue, in the half sectioned eyeball of a later stage. Subrteinal 
space was filled with dark brown fluid which was mixed with blood. The vitreus was 
in some cases totally disappeared or in some cases partially absorbed being enveloped 
in the new organized connective tissue. Microscopically the retina of the late stage 
was composed of only glia fibers and visual elements completely disappeared. Even 


Fig. 24. Fig. 25. Whole views of two eyes for example 


these retinae were dissolving gradually into the surrounding connective tissue. In some 
cases Only a small particle of it remained like an island in the sea of collagen fibers. 
Disappearance of visual elements was possible to be observed in a relative earlier stage 
after only two or three attacks of severe inflammations. So it would be very likely 
to belong to the fundamental nature of the reaction in Behcet’s disease. At the 
vessels of the retina very various reactions were observed for instance: (1) necrotic 
reactions and hemorrhages in the wall, (2) edema of the wall and hypertrophy of the 
endothelium, sometimes in a form of so-called ‘‘ radial Knétchen’’, (3) abundant form- 
ation of collagen fibers around vessels, sometime in a form of so-called ‘‘ Onionskin” 
or obliteration of vessels. 

Choroid during a rest-period showed no necrotic changes of blood vessels, but 
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edema accompanied with new fine reticular fibers and congestion of vessels were almost 
always visible. There were slight infiltrations of round cells and the pigment epith- 
elium swelled but did not disappear. The ciliary body was spongyly loosened at the 
ciliary ring (detachment of the ciliary body) and infiltrated with various cells accord- 
ing to the stage of the inflammation. The ciliary muscles even in a later stage were not 
so sevearly demaged, but fine collagen fibers penetrated abundantly around the muscle 
bundels and into the ciliary process. As to the iris, synechia anterior and posterior, 
ectropium uveae and connective tissue in the pupil which connected with cyclitic 
membrane of the posterior chamber were seen. In the earlier stage only a few cells 
remained in the iris after an acute attack of hypopyon iritis, but in the later stage 
abundant connective fibers had penetrated diffusely and many cells, such as plasmacells, 
eosinophilic cells, lymphocytes and monocytes were observed. The latter two formed 
a follicle-like aggregation in a few cases. The vitreous body had perfectly disappeared 
in the late stage. In the earlier stage it was wrapped up by the connective tissue 
which was formed on the surface of the retina. On the other hand, granulomatous 
tissue grew from the ciliary ring into the vitreous. Viteral fibers which were de- 
generated and necrotized by exudative attacks, dissappeared gradually and finally 
changed to connective tissue. The connective tissus pulled up the retina due to its 
shrinkage and to the volume decrease of the vitreus. 

In the cyclitic membran, which wrapped up the lens and pulled up the retina and 
the ciliar body, fibrinoid degenerations and necrotic reactions of new collagen fibers were 
also observed. The optic nerve was also affected. It showed atrophy and increase of 
the collagen fibers of septum. In two cases fibrin and a few cellelements spread out 
into nerve bundles from vessels, the walls of which were affected from fibrinoid 
degenerative changes. From these changes in the optic nerve, the mechanism of the 
occurence of the neural phenomenon in Behcet’s disease may be suggested. As a 
whole, the ocular changes were similar to those at the other parts of body. They are 
temporary, diffuse, exudative and hemorrhagic inflammations. Excessive collagen 
fibers, which wrapped up retina, lens, vitreus and diffusely penetrated into every tissue 
of the uvea, were produced as results of these exudative inflammations. 


Discussion 


Many people, such a Sezer and Evans etc, including Behcet himself, are of the 
opinion that Behget’s disease is of viral origin. However, there are also many people 
who insist on the theory of staphylococcal infection. Systematic studies for the cause 
of this disease are very few and it has not yet been ascertained how it occurs. There 
are some pathological reports on one or two eye balls, which are also not systematic 
at all. Very various observations have been reported, showing in some case severe 
accumulation of wandering cells and exudation mainly in the uvea and retina, in other 
teports infundibular detachment of the retina and strong scarification in eye balls 
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have been mentioned. Whether there is an angitis or not, namely wether the agent 
of Behcet’s disease has specially an affinity to vessels or not, is one of the problems 
in Japanese research”). My observation verified various changes at the vessels mainly 
of the retina, such as necrotic, degenerative, productive and edematous. But there 
were also many other reactions which were not directly connected with vascular changes, 
namely degeneration of vitreous, hypopyon, diffuse subretinal exudation, disappearance 
of visual cells without corresponding changes of the vessels of the retina or choroid 
and strong scarifications in the middle of the eyeballs. 

On the other hand, it was observed by bioptic examinations that common features 
of inflammations at other parts of the body are of temporary and exudative reaction, 
with fibrinoid degenerations of connective tissue and vessels, which are accompanied 
later by excessive production of collagen fibers. It can be reasonably expected that 
ocular changes could also develop similar features. In fact histological observa- 
tions on fourteen eyeballs verified this deduction. These inflammations of Behcet’s 
disease occur clinically in a dispersed way at varions parts of the body and are 
limited locally. Therefore Behcet’s disease is one of the strictly defined ‘collagen 
disease" ’’. 

Clinical symptoms such as increase of mucoprotein in blood plasm”), positive C.R.P. 
reaction!, rapid blood sedimentation, recurrent fever, arthralgy, dysproteinemia, 
inefficacy of antibiotics etc. hold good with this conclusion. It was not possible to find 
any common microorganisms in the tissue throughout the specimens. The real 
etiol of the collagen disease has not yet been clarified completely. But antigen- 
antibody reactions have been considered to play an important role in the pathogene- 
sis. Therefore the bodily condition of the patient is of much greater consequence in 
the susceptibility to inflammation by germs. Even if the etiological micro-organisms 
of Behget’s disease are found sometime in the future, a change in the condition of the 
host must be present for the development of the clinical symptoms. Fors this reason 
particular attention must be given to the improvement of the physical condition of the 
patient in the treatment of this disease. 


Summary 


Histomorphological studies on the symptoms of Behcet’s disease, such as erythema 
nodosum, thromboangitis obliterans, purulent eruption, epididymitis, arthritis and aphtha 
were carried out. The results indicate, that their inflammations have common features 
with fibrinoid degenerations of connective tissue and blood vessels, and abundant 
excessive reformation of collagen fibers in a later stage. Furthermore, the examina- 
tion of fourteen eyeballs showed that the intraocullar inflammations were of similar 
nature. 

A disease by which those inflammations attack at various parts of the body in a 
scattered way is generally understood as collagen disease. Behget’s disease, therefore, 
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is one of the typical collagen disease. 
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STUDY FOR THE PRESENCE OF 5-HYDROXYANTHRANILIC ACID 
IN THE URINE OF SENILE CATARACT PATIENTS 
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Department of Ophthalmology, Osaka University Medical School 
Dozimahamadori, Fukushima-ku, Osaka 
Kenshiro UENOYAMA 
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1-banchi, 7-bancho, Wakayama-city 


In relation to biochemical studies on the systemic abnormal metabolism of patients 
with senile cataracts, some interesting reports have been issued by Ogino, et al.*-6 

Namely, the causative substance of experimental cataracts was detected in the 
urine of cataract patients by Ogino. 

Furthermore, 5-hydroxyanthranilic acid (5-OA) which cannot be observed in the 
urine of a normal subject was isolated as crystals from the patients’ urine, and asa 
result of this fact 5-OA was considered to be cataractogenic by being changed into a 
quinoide substance. 

In regard to the presence of 5-OA in the urine of cataract patients, a paperchro- 
matographic urine analysis was performed. 

In addition, after the oral administration of anthranilic acid (AA), a previously 
Staged substance of 5-OA in the metabolic pathway of tryptophan, 5-OA and some 
metabolites of tryptophan excreted in the urine of cataract patients were determined 
quantitatively. 
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Experimental Materials 


Samples studied were 24 hourly collections of urine from 18 patients with typical 
senile cataract and without systemic disease. The urines from 14 patients with 
ocular diseases other than senile cataract and from 10 healthy adults were offered as 


controls. 
The subjects’ diets were not controlled during the course of these experiments, but 


they were prohibited from taking medicaments which may have had any influence 
upon experimental results. 
All subjects for ion exchange chromatography were administered orally 200 mg of 


anthranilic acid purified by several re-crystallizations, and their 24 hour urines were 
investigated. 


Experimental Methods 


Paperchromatography. 

Paperchromatography was performed to identify the substances in the patients’ 
urine treated with butanol or ethanol as illustrated in Fig. 1. These specimens were 
developed semi-quantitatively by the two-dimensional ascending technique for which a 
stainless steel frame and solvents accoding to Smith were used, as shown in Fig. 2. 

These substances were identified not only by a comparison of their Rf values with 
those of pure reference compounds, such as 15 amino acids and 5-OA, but also by 
fluorescence under ultraviolet rays. The continuous color reactions of ninhydrin, 
Ehrlich aldehyd, and Pauly diazo tests were performed by the application of the 
Multiple-Dip Sequence method. 

Moreover, by using silver nitrite, potassium iodide, nitrosonaphthol, ferric chloride, 
and Bratton-Marshall’s test etc., respective spots on paperchromatograms were exam- 
ined to confirm the chemical properties of the urine specimens with paticular reference 
to 5-OA and other substances. 

In regard to a spot considered to be characteristic of patients with senile cataract, 
the substance responsible for the spot was extracted for crystallization and for deter- 
mination of its ultraviolet absorption curve. 

Ton Exchange Chromatography. 

After the oral administration of 200mg of AA to all the subjects, the extracted 
samples from their 24 hour urine were resolved respetively into 9 fractions by Brown 
& Price’s! and Uenoyama’s method!”.!3 using ion exchanger resins. 

Then AA, 5-OA and related substances such as anthranilic acid glucuronide, 
o-aminohippuric acid, 5-OA-conjugate, 3-hydroxyanthranilic acid, acetylkynurenine, 
kynurenine and other amines, were colorimetrically determined by using Bratton- 
Marshall’s, indophenol and potassium iodide tests. 
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Fig. 1. Treatment of urine for paperchromatography. 
Patient urine (24 hours) 


| | 
Half volume Half volume 


| in vacuo concentration 
50 ml 50 ml 


| 
extracted with 50 ml butanol adding 200 ml ethanol 


(three times) 
in vacuo overnight in ice box 
concentration | 
‘ 2.0 ml | | 
filtrate precipitate 
spotting two micro liter of | in vacuo 
this material on paper 

Om 


two dimensional chromatography 


spotting two micro liter of 
this material on paper 


two dimensional chromatography 


Fig. 2. Method of two-dimensional chromatography. 


1. Apparatus Stainless steel frame 
2. Paper Toyo filter paper No. 51. 
3. Solvent BuA (acidic) -----—- —PhAm (alkalic) 
BuP (neutral) —----—+PhAm (alkalic) 
4. Solvent constitution (ml) 
n-Butanol 120 
BuA ‘ Acetic acid glacial 30 
Water 


f Phenol 


) Water 


f Phenol solvent 


Padme Ammonia 880 1 


n-Butanol 
BuP Pyridine 60 
| Water 


Results 


Paperchromatographic Findings. 

The identified amino acids for every spot which was detected by ninhydrin test on 
paperchromatogram are given in Tables 1 and 2. 

The paperchromatographic examination of the samples extracted with butanol (Fig. 
2) revealed no significant difference between the spots having an Rf value of less than 
0.5 of the senile cataract subjects and the spots having an Rf value of less than 0.5 of 
the control subjects. 

In the range of the Rf values of more than 0.5 on the paperchromatogram, a ninhydr 
in positive spot was almost always present in the case of senile cataract patients but 
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Findings on Paperchromatogram in Senile Cataract Patient 


Table 1. 
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Table 2. Findings on Paperchromatogram in Control Subjects 
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Table 3. The 5-hydroxyanthranilic acid and its related substances in 24 hours 
urine of senile cataract patient after the administration of 
200 mg of anthranilic acid. 


No. Age | AA | AAG |0-AH |3-0A| (Ack) K A 
| 780 | 0.88) i6.08| 45.92) | * | * 62.88 | 0.70 | 2.36 | 2.36 
4|72|£ | 1540 | 0.30| 39.76 71.04 * | * | * 111.10 | 0.06 | 1.18 | 7.00 
6| 74| f 440 | * | 5.28| 80.72| * * | 86. 00 0.22 | 0.45 | 1.82 
8\61| | 1550 | 0.17|3.04| i296 * | * | * 16.17 | 0.19 | 0.88 | 4.12 
| 800 | * | * | * | * 121.60 | 0.94/ 0.93 | 4.82 
16|72| £ | 630 | 0.23 | 60.10} 71.00) * | * | * 131.33 | 0.13 | 1.20 | 1.04 
18|79| | 1160 | 0.53 | 64.90118.50} * | * | * 183. 93 * | 1,92 | 3.92 
23|74| | 710 | 1.40| 20.16171.20) * | * | * 192.76 | 0.24| 4.94) 5.36 
26 | 58|/m 1890 | 0.28/ 21.20103.90) * | * | * 125.38 | 0.13 | 0.98 | 5.16 
27|49| £ | 1680 | * | 11.70; 98.40) * | * | * 110.10 | 0.72 | 1.26 | 8.32 

Average | 0.38 | 25.93 87. 81| * | + | * 114. 13 | 0.33 | 1.61 | 4.39 


All data were expressed in mg per 24 hours urine. The ‘‘ Total of Metabolites ”’ 
excludes of AcK, K, and A. 


AA—Anthranilic Acid 5-OA Conj. —5-Hydroxyanthranilic Acid 
AAG—Anthranilic Acid Glucuronide Conjugate 
o-AH—o-Aminohippuric Acid AcK—Acetylkynurenine 
3-OA—3-Hydroxyanthranilic Acid K—— Kynurenine 
5-OA—5-Hydroxyanthranilic Acid A—— Aromatic Amine Fraction 


*—— not detected. 


Table 4. The 5-hydroxyanthranilic acid and its related substances in 24 hours 
urine of normal adults after the administration of 200 mg of 
anthranilic acid. 


11 
15 
21 
22 
24 


No, | Age Sex| AA AAG | 0-AH|3-0A |5-0A_ | | 
1 35 | m 660 | * | 45.60; 92.00 | * | * | 137.60 |0.60| 0.88] 9.12 
2/31} m! 1120 | * | 67.20 65.60) * | * | * 132.80 | 0.48 | 0.60 | 11.20 
5|29|m| 875 0.36 | 30.40140.48 * | * | * 171.24 0.12 | 3.54] 3.55 

72|f | 795 | * | 17.68160.59 * | * | * 178.27 | 0.60 | 1.78) 2.80 
73\ | 1200 | 0.47 | 7850\112.00) * | * | * 190. 97 |1.76) 3.36 
|| 545 | 1.17| 28.4914464 * | * | * 174.29 | 0.60 | 3.78| 3.84 
| 795 | 1.17 | 27.6816352) * | * | * 192.37 | 0.24| 4.24! 4.24 
79| £ | 930 | 1.06| 24.48129.44, * | * | * 154.98 | 0.47 | 3.06 | 10.96 
77| £ | 620 | 1.06| 18.721100.96 * * 120. 74 0.58 | 3.06) 5.12 

28 57| m| 1150 | 1.21 | 54.40129.20 * | * | * 182.81 | 0.22/ 1.33] 2.12 

Average 0.65 39.11/123.84 * | * | * | 16861 | 0.39| 2.40 | 5.63 


scarcely observed in the case of the controls, which was significant at the 1 per cent level. 

This spot was suspicious of tryptophan as determined from the value of Rf. 
Moreover, the area of this spot was enlarged on the paper when the sample together 
with small quantities of tryptophan was subjected to paperchromatography. 
Quantitative Determination of Tryptophan Metabolites. 
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The measurement of several aromatic amines, including 5-OA and AA, excreted in 
the subjects’ 24 hour urine was performed after oral administration of AA. The results 
obtained are shown in Tables 3 and 4. A decrease in the excretion of anthranilic acid 
glucuronide and o-aminohippuric acid in the urine from senile cataract patients was 
observed in 8 out of 10 cases. 

The daily amounts of 5-OA in its free form, 5-OA in its conjugated form and 3-OA 
in its free form in the urine, both of patients and the controls, were too small to 
examine by this method. 

Except the above-mentioned three substances, the daily amount of other substances 
shown in Tables 3 and 4 could not reveal any significant difference between the senile 
cataract patients and the controls. 


Discussion 


It was reported previously by Ogino that 5-OA was isolated qualitatively from the 
urine of senile cataract patients, and that it could have a close relationship to the 
pathogenesis of senile cataracts. 

In the present studies, a peculiar spot was always detectable on the paperchro- 
matograms of the urine of senile cataract patients. 

5-OA and its conjugated form are easily capable of shifting into butanol, possess 
fluorescence, show ninhydrin negative reactions, and are found positive to Ehrlich 
aldehyde, silver nitrite, and potassium iodide tests. 

Whereas, the spot of the sample extracted with ethanol was ninhydrin positive, 
but that of the sample extracted with butanol could not be detected at all. It showed 
macroscopically no fluorescence and an obviously different value of Rf in comparison 
with 5-OA or its conjugate. All other reactions studied revealed negative results. 

The ninhydrin reaction and Rf value of this spot coincide with those of tryptophan. 
When tryptophan was tentatively added to a portion of the sample, the spot was 
enlarged more or less in area. 

A characteristic finding could not be obtained of the ultraviolet absorption curve 
owing partly to the hindrance of the urea contained in urine. 

An attempt was made to achieve crystallization from the spot but the experiments 
did not lead to the expected result. 

It seems that this spot is not 5-OA or its conjugated form, but tryptophan. 

The amount of urinary tryptophan of the patient suffering from senile cataract is 
yet to be quantitatively determined. 


In regard to the relation between tryptophan and cataract, it was previously re- 
ported that Totter and Day'! had succeeded in provoking experimental cataract by 
feeding infant rats on a tryptophan deficient diet. Afterwards, Buschke?, Ferraro & 
Roizin*, and Sallmann, et al’. obtained the same results by employing guinea pigs as 
experimental animals under tryptophan deficient conditions, suggesting that trytophan 
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is a noteworthy substance from the viewpoint of investigating cataract. 

After oral administration of 200mg of AA, quantitative analyses were performed 
on AA, 5-OA and other related metabolites in the 24 hour urine. 

It was revealed in this experiment that the amount of excretion of anthranilic 
acid glucuronide and o-aminohippuric acid was obviously smaller in the urine of 
cataract patients as compared with the controls. 

From the viewpoint of the systemic abnormal metabolism of senile cataract patients, 
5-OA was reported to be excreted in the urine of senile cataract patients by Ogino, 
but it could not be confirmed by the authours in all cases. 

This diversity of results may be due to the differences in methods used. However, 
it is reasonably doubtful that 10 mg of 5-OA crystals were obtained from 12 liters of a 
large number of patients’ urine by Ogino. 

1) Ogino extracted 5-OA from HCl-acidic urine with ether. Although it might be 
effective as a method of separating cataractogenic substances, but it is not effective in 
separating 5-OA, inasmuch as 5-OA is rather difficult substance to shift into ether, 
reported by Yufu™. Moreover, 5-OA is known to shift more easily into butanol than 
into ether, i.e. only 10 per cent of a given amount of 5-OA shift into ether and about 
70 per cent of the same amount into the same volume of butanol. 

The cataractogenic substance extracted from the urine of a human with senile 
cataract cannot be 3-OA in view of the Rf value described by Ogino, despite the facts 
that 3-OA is a substance possessing the same molecular weight as 5-OA, it shows 
nearly the same reactions as 5-OA, and it easily shifts into ether. 

2) 5-OA was precipitated from urine with Hopkins-Cole’s reagent as a mercurate 
by Ogino. But according to Shirai®, this method of extracting 5-OA is inadequate 
because 5-OA is easily destroyed in the presence of heavy metals. 

Regarding the extraction of 5-OA by Ogino’s method, it may be concluded that 
there was probably a largd amount of 5-OA contained in the urine of peculiar patients 
studiee at that time. 

3) The 5-OA detected by Ogino was in its free form. It was disclosed in Uenoyama’s 
experiment that even though a considerable amount of 5-OA was administered to the 
rabbits, most of it was excreted in its conjugated form, like hippuric acid is. 

A trace of only the conjugated form of 5-OA was present on paperchromatogram 
when patients with senile cataract were administered 1.0 gram or more of AA. 

In consideration of the metabolic process of AA and p-aminobenzoic acid, the 
urinary excretion of 5-OA in its free form may be observed in special cases among 
senile cataract patients. 

4) Granting it be true that 5-OA provokes cataract after this substance is changed 
into a quinoide form, this being Ogino’s hypothesis, it has not yet been demonstrated 
in the human being. 
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5) The substance producing experimental cataracts was extracted by Ogino from 
the patients’ urine by a method of extraction similar to his method of extracting 5-OA. 

But this substance has not yet been. demonstrated to be of a quinoide type. 

6) It was reported by Yamada.et-al., that a small quantity of AA inhibited the 
production of experimental cataracts, and Takagi et al!. disclosed that 5-OA itself had 
an inhibitory action on the production of experimental cataracts. 

7) AA has been therapeutically administered by Iinuma et al.‘ to a number of 
patients with simple glaucoma during a long period of time. The effective action of 
AA was considered by Iinuma as one of 5-OA after AA was changed into 5-OA in the 
body. Not one case of cataract production or ingravescence has yet been observed in 
the glaucoma patients who had been treated with AA. 


Summary 


The detection of 5-hydroxyanthranilic acid (5-OA) in the urine of senile cataract 
patients was investigated by paperchromatography and the respective amounts of 5-OA 
and its metabolic substances in the urine after orally administering anthranilic acid 
(AA) were measured by ion exchange chromatography. 

1. Although specimens extracted with ethanol or butanol from the urine of senile 
cataract patients were paperchromatographed two-dimensionally, 5-OA or its conjugate 
form were not detectable. 

On the other hand, a peculiar spot was detectable on the paperchromatographical 
development of samples extracted with ethanol, but not of samples extracted with 
butanol. 

This spot was always detected in the patients’ urine but not so frequently in the 
case of controls. The spot has no fluorescence, with a positive ninhydrin reaction and 
an Rf value coinciding with that of tryptophan. 

2. After the administration of 200mg of AA to senile cataract patients, 5-OA and 
its conjugate were not detected from 24 hourly collections of urine. 

In addition, anthranilic acid glucuronide and o-aminohippurinc acid in the urine of 
cataract patients were found in smaller amounts than the amounts found in the urine 
of the controls. 

3. The difference between the results obtained by Ogino et al. and these authours 
regarding 5-OA in the urine of senile cataract patient was discussed. 
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